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91 INTRODUCTION
1.1 Water and hydrological cycle
Water is hydrogen oxide, a chemical substance with the chemical formula H2O. One
molecule of water has two hydrogen atoms covalently bonded to a single oxygen atom.
Water is a common chemical substance that is essential for the survival of all known
forms of life - plants, animals and human beings. It is the medium in which many
ecosystem processes take place, such as canopy leaching and wash off, nutrient
supply and uptake by roots, xylem and phloem flow in trees, decomposition,
weathering and leaching (Starr 2007). Earth’s approximate water volume is 1.4 billion
km3 and  covers  71%  of  the  Earth’s surface, mostly in oceans and other large water
bodies. Saltwater oceans account for 97% of surface water, glaciers and polar ice caps
2.4%, other land surface water such as rivers and lakes 0.6%, and soil moisture
0.005%.
Hydrology is the geoscience that describes and predicts the occurrence, circulation,
and distribution of the water of the earth and its atmosphere (Dingman 2002, p.1). The
hydrologic  (water)  cycle  is  the  distribution  and  movement  of  water  from  time  of
precipitation  until  return  to  atmosphere.  Water  moves  continually  through a  cycle  of
evaporation or transpiration (evapotranspiration), precipitation, and runoff, usually
reaching the sea.
1.2 Water cycle and water use of forests
Forests are vital to the hydrologic cycle and water use. In essence, the forest acts like
a giant sponge, filtering and recycling water (Richmond 2009). Tree leaves intercept
rain, snow, and fog; also release water back to the atmosphere by evapotranspiration.
Trees and forests tend to use more water than shorter types of vegetation (Calder
1998). This is mainly due to the interception of rainwater by their aerodynamically
rougher canopies. Forests can reduce the impact of precipitation through canopy
interception and delay of water reaching the surface. Forests also decrease the amount
and speed of storm runoff over the land surface. In general, a heavy rainfall causes a
temporary and relatively rapid increase in streamflow due to surface runoff. Forests
can moderate storm flows by increasing infiltration and reducing runoff. Further,
forests can help increase recharge to ground soil by allowing more precipitation to
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infiltrate the soil, rather than rapidly running off the land to a downhill area.
1.3 Use of GIS and RS in hydrology
Since the 1950’s, hydrology has been approached with a more theoretical basis than in
the past, facilitated by advances in the physical understanding of hydrological
processes and by the advent of computers (Wikipedia 2008). Studies of the water
cycle across the landscape have greatly benefited from the use of Geographic
Information  Systems  (GIS).  GIS  is  a  tool  that  allows  users  to  analyze  the  spatial
information, manage geo-referenced data, such as digital elevation modelling, create
interactive queries, and to present the results in the form of maps. GIS has provided a
new environment in which to develop spatially distributed hydrological models. These
models take into account and can predict the values of the studied phenomena at any
point within the watershed (Mitas and Mitasova 1998).
In the water cycle and hydrological processes, topography is an important
land-surface characteristic that affects most aspects of the water balance in a
catchment, including the generation of surface and sub-surface runoff; the flow paths
followed  by  water  as  it  moves  down  and  through  hillslopes  and  the  rate  of  water
movement. And it is recognized as an important factor in determining the streamflow
response of catchments to precipitation (Vaze and Teng 2007). This factor is currently
widely taken into account in spatially distributed hydrological modelling through the
use of digital elevation models (DEMs). DEMs are digital representations of ground
surface topography. They are used to define watershed boundaries and for the
computation of runoff at different spatial scales as well as derive some other key
information critical in fully distributed hydrological models.
Distributed hydrological modelling requires the spatial distribution of meteorological
and geographical elements such as temperature, precipitation, humidity, solar
radiation and other observation data. But many types of hydrological analysis are
limited by a lack of spatial data, since traditionally hydrological data are point
measurements. Remote sensing (RS) data are fundamentally different, they
incorporate spatial information. Remote sensing is the science of deriving information
about  an  object  from  measurement  made  at  a  distance  from  the  object,  i.e.,  without
actually coming in contact with it (Davis et al. 1978, p.1). It is the practice of deriving
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information about the earth’s land and water surfaces using images acquired from an
overhead perspective, using electromagnetic radiation in one or more regions of the
electromagnetic spectrum, reflected or emitted from the earth’s surface (Campbell
2007, p.6). From these characteristics, one may determine parameters such as land-use,
vegetation indices, extent of snowpack, surface temperature, radiative fluxes, and
surface soil moisture for large-scale modelling of the earth’s energy balance and
surface hydrology (Brandes 2008).
GIS and RS have thus become increasingly important in hydrology. They can
complement each other and enable hydrological models to be more spatially based
and more efficient. In 1998 ESRI and ERDAS together released the Image Analysis
tool for ArcGIS, which directly linked some basic functions in GIS and RS. There are
a number of software extensions for ArcGIS, including 3D Analyst,  Spatial  Analyst,
Network Analyst, Survey Analyst, Tracking Analyst and Geostatistical Analyst. In this
study, ESRI ArcGIS 9.2 was used with Spatial Analyst extension.
1.4 Eucalyptus plantations in Southern China
Eucalypts (Eucalyptus), acacias (Acacia),  pines  (Pinus) and poplars (Populus)
plantations are the most common species used for fast-growing plantations.
Fast-growing plantations are those intensively managed commercial plantations, set in
blocks of a single species, which produce industrial round wood at high growth rates
(mean annual increment > 15m3 per hectare) and which are harvested in less than 20
years (Cossalter and Pye-Smith 2003, p.vi). Land area used for plantation forestry is
globally increasing. The largest increase can be found in Asia and especially in China.
In whole Eastern Asia 30.01 million ha is productive forest plantation which is 12.3 %
of the total forests cover of that area (FAO 2005). With the rapidly rising demand for
paper and other wood, especially the wood products, eucalyptus has become highly
appreciated by the pulp and paper industries. There are more than seven hundred
species of eucalyptus, mostly native to Australia. In the 1850s eucalyptus trees were
introduced to California during the Gold Rush. In 1910 eucalyptus was introduced to
Brazil for timber substitution and the charcoal industry. It has thrived very well in the
local environmental conditions and today there are around 5 million hectares planted.
Eucalyptus was introduced to China about 100 years ago, and large-scale cultivation
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of eucalyptus plantation in China could be traced back to the 1960s. But the most
rapid spread of fast-growing tree plantations happened in the recent 15 years in
response to China’s rapidly expanding economy and demand for paper and
papermaking fiber. At present, China’s eucalyptus plantation area has reached 1.5
million hectares, mainly in South China, Guangdong, Guangxi, Yunnan and Hainan
provinces (Qi 2002). Fast-growing plantations like eucalyptus can compete with
alternative use of land because of its high level of production. The forest cover of
China has after a long steady decline, increased during the past 20 years. In order to
increase the forest cover, waste land that has not previously been used has now been
planted (Nor et al. 2001). China has the largest area of productive forest plantations in
the world 28.53, million ha, which accounts for 26 % of Chinas total forest cover
(FRA 2005).
In 2002, the Finnish-Swedish forest company Stora Enso (SE) began to establish
plantations in China some 120,000 ha in 15 counties or cities including Beihai,
Fangcheng, Bobai, and Yulin, among others near Guangxi’s coast have been
established. Stora Enso has started the application process for an integrated forest
industry project in Guangxi (SEGX), including annual production capacity of about 1
million tons of chemical and chemithermomechanical pulp,  and about 1 million tons
of paper and board. Today SEGX holds about 60 000 ha of land usage rights in
Guangxi, which includes 35 000 ha of eucalyptus plantations with an intended
rotation time of 7 years (UNDP 2006).
1.5 Environmental impacts of eucalyptus plantation
With the rapid expansion of fast-growing plantations in the tropics and subtropics, the
debate about the impacts become more intense. Some claim those plantations will
help protect natural forests and provide economic growth. Others say they will destroy
the environment and displace small farmers (Cossalter and Pye-Smith 2003, p.v).
Although supplying raw material for the pulp and paper industry, easing deforestation
on native forests and increasing carbon sequestration to help counter global warming,
there are several concerns about the environmental effects of industrial plantations of
eucalyptus. These concerns include invasiveness of eucalyptus and loss of biodiversity,
loss of land for food production, loss of soil fertility due to biomass removal and short
rotation times, and excessive water-use and reduced catchment water yields. With
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protagonists on both sides, there is a need to research and examine the environmental
effects of industrial plantations of eucalyptus in southern China.
SEGX commissioned the United Nations Development Programme (UNDP) to carry
out an Environmental and Social Impact Assessment (ESIA) of the Guangxi
plantations (UNDP 2006). The aim was to determine the environmental and social
impacts  on  the  land  and  society,  and  to  give  recommendations  on  how  to  minimize
any adverse effects. The assessment included scenarios of up to 120,000 ha of
plantations.
1.6 Objectives and structure of the study
It has been argued that eucalyptus take up a greater amount of water from the soil and
lower the ground water table more than other forests or tree plantations (Zhou et al.
1995). On the other hand, providing a cover, the eucalyptus can promote infiltration
into the soil and so reduce flooding and soil erosion. The impacts of eucalyptus on
hydrology are likely to vary with rainfall, topography, soil type, and management. The
main aim of this study was to determine the water demand (potential
evapotranspiration, PET), water use (actual evapotranspiration, AET) and other
components  of  the  water  balance  (surface  runoff,  drainage  below  rooting  zone,  and
changes in store of plant available soil water) of eucalyptus plantations in south China.
We selected a small catchment (752 ha) in Guangxi province and modelled the spatial
distribution of water balance components across the catchment in relation to land-use,
including industrial and local community plantations of eucalyptus and agriculture. A
water balance model, WATBAL (Starr 1999), with a monthly time step was used to
model the water balance components for 180 points across the catchment. ArcGIS was
then used to interpolate and spatially distribute the water balance components across
the entire catchment. Several GIS interpolation tools in the spatial distribution of
water use were evaluated. Deterministic interpolation methods such as the Inverse
Distance Weighted (IDW) and Spline, which assign values to locations based on the
surrounding measured values or specified mathematical formulas that determine the
smoothness of the resulting surfaces, were evaluated. Geostatistical interpolation
methods such as kriging, which is based on statistical models that include
autocorrelation (the statistical relationship among the measured points) were
compared. Various Goodness-of-fit statistics were computed to evaluate the
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interpolations.
There were three hypotheses when the study was conducted:
(1) Topography plays an important role in the water demand and water use of
eucalyptus and other land use types.
(2) Water use by eucalyptus plantation differs from that of plantations with other
species and agriculture land use.
(3) The spatial distribution of water use across the catchment differs according the
GIS interpolation method.
The  study  was  divided  into  seven  phases:  (1)  definition  and  selection  of  a  research
catchment using GIS, (2) land-use mapping of the catchment using available data and
field survey, (3) generation of sampling points across the catchment to represent
different  land-use  polygons,  (4)  collection  of  site,  stand  and  soil  data  from  each
sample point, (5) parameterization of the water balance model, WATBAL, for each
sample point, (6) generation of continuous (predictive) surfaces for monthly water use
(AET), evapotranspiration deficit, runoff and drainage from WATBAL outputs using
ArcGIS, (7) evaluation of surface interpolation methods using Goodness-of-fit
statistical tests. These procedures were summarized into two maps (see Appendix 1).
It was expected that the study would improve our understanding of the link between
climate, land-use and topography in determining water use in South China, facilitate
the development of the water balance model, WATBAL, to conditions in South China,
and identify the most suitable GIS interpolation method for the spatial distribution of
water balance components across a small catchment in South China.
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2 THEORETICAL FRAMEWORK
2.1 Water balance modelling
2.1.1 Water demand and water use
The water balance is an accounting of the inputs and outputs of water. The water
balance of a place, whether it is an agricultural field, watershed or continent, can be
determined by calculating the amount of water entering, stored and leaving a system.
The major input of water is from precipitation and outputs are evapotranspiration,
runoff and drainage. The water balance equation can be written as follows:
P = ET + R + D ± ?SM
where
P = precipitation,
ET = (actual) evapotranspiration,
R = runoff (all non-evaporational losses of water from the soil),
?SM = changes in soil moisture storage.
The evaporative demand of the atmosphere can be represented by the potential
evapotranspiration (PET) from a crop which has access to an unlimited supply of soil
water, and without advection or heat-storage effects (Dingman 2002, p.308). It is
determined for a specific crop, either grass or alfalfa, and is therefore referred to as
reference crop evapotranspiration (ETo).  It  represents  the  water  demand  of  the
atmosphere. In practice, PET can be calculated by different methods, such as
temperature-based and radiation-based methods. Thornthwaite, Blaney-Criddle and
Hargreaves (grass) are temperature-based methods and use air temperature and
sometimes day length, while the Penman-Monteith, Priestley-Taylor and the
Jensen-Haise methods are radiation-based methods and use radiation and air
temperature to calculate potential evapotranspiration.
The evapotranspiration for the crop actually growing at the site grown under optimum
conditions  with  unlimited  water  supply  is  denoted  as  ETc, and achieving full
production under the given climatic conditions. Experimentally determined ratios of
ETc/ETo, called crop coefficients (Kc), are used to relate ETc to ETo or ETc = Kc ETo
(Fig. 1). Kc values are generally available for agricultural crops (FAO 1998), but not
for  tall  crops,  such  as  tree.  The  interception  and  subsequent  evaporation  by  the  tree
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canopy is a significant difference from low crops.
The crop evapotranspiration under non-standard conditions (ETc_adj), also called
actual evapotranspiration (AET), is the evapotranspiration from crops grown under
management and environmental conditions that differ from the standard conditions, in
particular, limited supply of water. Where there is no irrigation, the supply of water is
determined by rainfall and soil hydraulic properties. The crop evapotranspiration
under non-standard conditions is calculated by using a water stress coefficient Ks
and/or by adjusting Kc for all kinds of other stresses and environmental constraints on
crop evapotranspiration. The evapotranspiration for the crop under non-standard
conditions, denoted ETc_adj, is the actual evapotranspiration (AET) that takes place.
AET reflects the actual water use of the crop.
Figure 1. Reference (ETo), crop evapotranspiration under standard (ETc) and non-standard
conditions (ETc adj) (modified from Fig. 4, World Soil Resources, Report 60, FAO 1998)
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Thus,  while  PET  (ETo or ETc)  represents  the  climate  demand,  AET  (ETc_adj)
represents the water-use by the crop. AET (ETc_adj)  can equal PET (ETo, ETc)  but is
usually less than PET, depending mainly on climate and season. The difference
between PET and AET (ET_deficit) is a measure of the drought stress on the crop.
2.1.2 WATBAL
WATBAL (Starr 1999) is a model for deriving the components of the water balance
for any stand or plot:
P = ET + R ±?SM ±?SOG
where
P = precipitation,
ET = (actual) evapotranspiration,
R = runoff (all non-evaporational losses of water from the soil),
?SM = changes in soil moisture storage,
?SOG = changes in water equivalent of snow-on-ground.
Precipitation can be in the form of rainfall, snow, sleet and hail, and etc. In some cases,
water can be supplied by dew and fog. Evapotranspiration is the combined transfer of
water to the air by evaporation and transpiration. Soil moisture storage refers to the
amount of water held in the soil at any particular time. Runoff can be allocated into
three components: bypass flow, drainage and matric potential losses. Bypass flows
consists of surface runoff, subsurface runoff and macro-pore; that is rapid flow that
occurs when there is a lot of water available for entering the soil and which bypasses
the  main  pore  system  of  the  soil.  Drainage  refers  to  the  more  classical  concept  of
gravitational seepage through the interconnected soil meso- and micro-pore system,
and occurs when the soil moisture content is above field capacity. Matric potential
losses occur continually at all water moisture contents above permanent wilting point
and are the result matric potential gradients (redistribution movement). All units are in
mm of water. The water balance can be applied for a certain period, like a day, a
month or a year. The version of WATBAL used in this study has a monthly time step,
but a daily version is also available.
In brief, WATBAL is a capacity model that uses an “end-of-the-month” book keeping
approach. It can be applied to a defined soil layer or rooting zone for which the
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moisture content at field capacity (SMfc), permanent wilting point (SMpwp), and the
proportion of roots in the layer (Root) are known. Values for field capacity and
permanent wilting point can be estimated from soil texture, and value for rooting
based on field observation, expect knowledge or literature. WATBAL uses an energy
(global radiation) balance approach to estimate an alfalfa reference crop (potential)
evapotranspiration (ETo) value (Jensen and Haise 1963, Jensen 1967). Diffuse
radiation, Rd (parameter) and beam or direct radiation Rb values (meteorological input
file), are used to convert horizontal global radiation values into those for sloping
surfaces. The site specific Rd and the months Rb coefficients  are  computed  from
latitude, slope and aspect. For horizontal surfaces, a value of 1 for both Rd and Rb is
used. Global radiation is estimated using solar radiation and cloud covers. The
meteorological input data consists of monthly temperature, precipitation and cloud
cover, which are relatively easily obtained. Output includes: potential
evapotranspiration (alfalfa reference ETo and  crop  ETc); actual evapotranspiration
(ETc_adj); soil moisture content (SM); runoff components: Bypass flow (Bypass_Flow,
i.e. rapid surface runoff, throughflow and macro-pore flow), gravitational seepage
through soil matrix (Drainage) and matric potential gradient flow (Matric_losses);
amount  of  snow  on  the  ground  (SOG);  and  snowmelt  (SNOWMELT).  The
evapotranspiration deficit (= ETc - ETc_adj) and soil moisture deficit (= available water
storage capacity - SM), both measures of water stress for plants, are also calculated.
WATBAL has been in several studies, e.g. the study on concentrations of dissolved
organic carbon along an altitudinal gradient from Norway spruce forest to the
mountain birch/alpine ecotone (Clarke et al. 2005), the study on losses of nitrate from
gaps of different sizes in a managed beech forest in Denmark (Ritter et al. 2005), the
study on effects of the drought 2003 on forests in Swiss Level II plots (Graf Pannatier
et al. 2007) and the study on till soil hydrology with application to heavy metal
transport in Sweden (Teutschbein 2008). WATBAL was modified for this study so
that  the  amount  of  surface  runoff  was  related  to  the  amount  of  rainfall  and  to  the
amount of ground vegetation and litter cover. Details of model input data and
parameters are given later (Chapter 3).
2.2 Water balance of eucalyptus plantations worldwide
As a general rule, trees tend to use more water than grasses or shrubs because of
19
interception (Calder 1998). Zhang et al. (2001) found an average difference of 345
mm in evapotranspiration between grass and forest for a rainfall of 1,500 mm. When
grasslands  or  shrub  lands  were  replaced  by  alien  trees,  the  overall  water  use  by  the
vegetation increased, leaving less water for the streams (Dye et al. 1995). A
controversy  on  the  hydrological  effects  of  the  reforestation  with  eucalyptus,  such  as
their possible high water use and decreased dry-season water yield in catchment level
(Calder et al. 1997, Kallarackal and Somen 2008) has risen in many parts of the world
since 1980s.
To understand the links between eucalyptus plantation and water resources requires a
basic knowledge of hydrology and plant physiology, and a good understanding of
various environmental processes. The contribution of plantations to water regimes
varies from different regions of the world and from one site to another. Topography,
soil type, local climate and species involved and a variety of other factors will exert
their own particular influence.
2.2.1 Brazil
In Brazil, eucalyptus plantations have the highest growth rates recorded for woody
vegetation (Whitehead and Beadle 2004). Most commercial eucalyptus plantations
have been established in areas of tropical and subtropical sub-humid climate rather
than high rainfall, humid areas. Soare and Almeida (2001) led a research project from
October 1995 to September 1996 in a 9-year-old plantation in an experimental
catchment in eastern Brazil. A five-layer water balance model, with water movement
between layers along hydraulic gradients, was developed and parameterized for a
Eucalyptus grandis plantation. The results showed that annual transpiration was 1,116
mm and evapotranspiration was 1,347 mm where annual rainfall was 1,396 mm.
Another study done in Brazil in the Aracruz experimental catchment of Eucalyptus
grandis plantations and Atlantic rainforest has been conducted since 1994 (Almeida et
al. 2007). It showed eucalyptus plantations consumed water more efficiently than the
native trees over six years of measuring a eucalyptus forest and stands of
neighbouring native species. The annual average precipitation was 1,147 mm and
average evapotranspiration was 1,092 mm. Because of high soil infiltration and the
flat topography where the trees are planted, runoff was only 3% of the precipitation.
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2.2.2 Australia
There are more than seven hundred species of eucalyptus worldwide, but mostly
native to Australia. Australia has approximately 156 million hectares of natural forest
and woodland. About 80% of the forested area is dominated by the genus eucalyptus.
Most eucalyptus plantations have been established in areas with annual rainfall
between 650 mm - 900 mm (UNDP 2006). Fast-growing forests reached maximum
water use faster and an increase in water yield (runoff) has regularly been observed as
forest matured. Differences in leaf area of tree plantations affected water use more
than difference in species. According to Zhang et al. (1999), pine plantations usually
used more water than eucalypt plantations due to high leaf area index and interception.
A study done at a 1,100 mm annual rainfall region in Western Australia (Sharma 1984)
showed that eucalyptus extracted water from depths down to 6 m, creating soil water
deficits of up to 450 mm, compared to a water deficit of <150 mm under annual
pasture, under similar conditions. It was concluded that both interception as well as
water extraction from deep soil horizons, were the major factors responsible for high
rates of water loss from eucalyptus communities.
2.2.3 Southern India
India has the biggest area of eucalyptus plantations in the world. Several
hydrological researches were carried out by the Karnataka Forest Department and
Mysore  Paper  Mills  Ltd  in  a  low  rainfall  zone  (800  mm  per  annum)  in  the  state  of
Karnataka, southern India since 1987. The major findings were summarized by Calder
et al. (1992). The water use of a young eucalyptus plantation on a medium depth soil
was no greater than that of the indigenous, semi-degraded, dry deciduous forest. The
annual water use of eucalyptus and the indigenous, semi-degraded, dry deciduous
forest approximated the annual rainfall. The water use of forest was about two times
that of a commonly grown annual agricultural crop, ragi (Eleusine coracana). At the
sites where the soils were deeper, there were indications that the water use, over the
three years of measurement, was greater than the rainfall indicating that soil water
storage was being depleted.
2.2.4 Southern China
The coastal region of southern China is subject to a monsoonal climate characterized
by distinct wet and dry seasons. A ten-year study was conducted by Zhou et al. (2001)
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in a degraded area of coastal western Guangdong Province to qualify the effectiveness
of eucalyptus and subtropical mixed forest for ameliorating microclimate and
reducing surface runoff and erosion. Tree growth, litter biomass and understory cover,
climate,  throughfall  and  stemflow,  surface  runoff,  soil  erosion,  soil  moisture  and
watertable depth were monitored in three un-replicated catchments located on coastal
highland near Xiaoliang in Dianbai County, Guangdong Province, containing
eucalyptus plantation, mixed forest and bare land. Mean annual rainfall in the region
is approximately 1,500 mm, with distinct dry (October to March) and wet (April to
September) seasons. The annual average temperature at Xiaoliang is 23 °C.
The results showed that eucalyptus plantation intercepted less rainfall and generated
more stemflow than mixed forest. Bare land had the greatest surface runoff, and
mixed forest had the least. Eucalyptus and mixed forest used much more soil moisture
than bare land. Watertable depth averaged 30 cm deeper beneath mixed forest and 80
cm deeper beneath eucalyptus forest, compared with bare land. Vegetation cover
promoted infiltration and the importance of allowing litter accumulation and
understory development beneath the tree canopy, and the additional hydrological
benefit of encouraging succession to a mixed forest ecosystem were demonstrated.
Another research was conducted in a catchment covered by 4-5-year-old eucalypt
plantations in Gaoyao, Guangdong, south China (Xu et al. 2007). Tree growth, water
use and water balance in the watershed was studied. Rainfall in 2005 and 2006 was
1463 mm and 1856 mm. Tree canopy interception was 206 mm in 2005 and 448 mm
in 2006. Annual transpiration by 4-5-year-old eucalypt plantation in Gaoyao,
Guangdong was 431 mm in 2005 and 402 mm in 2006. The streamflow was 565 mm
in 2005, and 772 mm in 2006 due to the higher rainfall in that year. It was found that
transpiration rate by eucalypt plantations in south China was much lower than that in
semi-arid climate, and usually less than 600 mm annually. Annual evapotranspiration
in eucalypt plantations was between 900-1,200 mm. It seems that large area planting
of eucalypts to replace pine and Chinese fir plantations will not cause water depletion
in the high rainfall (1,500-2,000 mm/year) climate of south China.
In 1999, monthly, seasonal and annual water balance of Eucalyptus urophylla
plantations on the Leizhou Peninsula, Guangdong Province were estimated in 40 m x
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40 m plots with contrasting soil types by researchers from China and Australia
(Morris et al. 2004). It was found that annual water use of the 3-4-year-old plantation
of E. urophylla assessed by heat pulse was 542 mm at Hetou and 559 mm at Jijia,
respectively. Estimates of the water balance at the two sites found the annual
evapotranspiration ranged from 969 - 1,150 mm and the difference in total
evapotranspiration between the sites was partly attributable to higher soil evaporation
at Jijia (finer soil texture) than at Hetou (Lane et al. 2004). In this study it was
concluded that eucalyptus plantations did not pose a threat to water resources in that
region.
Based on the studies carried out in Brazil,  Australia,  southern India and other places
such as North Thailand, South Africa and Pakistan, it appears that the eucalyptus
plantations in southern China have lower evapotranspiration. This can be attributed to
solar radiation in summer in southern China lower than at the other sites, difficulties
in getting ground water due to hilly and mountainous location in southern China, and
lower leaf area than that in other countries due to climate, soil and nutrient limitations
(Xu et al. 2002). The water use of eucalyptus does not appear to be seriously
deleterious for water supply in southern China.
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3 MATERIAL AND METHOD
3.1 Material
3.1.1 Study area
The study was carried out in October 2007 at the Shiwan catchment, Hepu County,
Guangxi Province, People’s Republic of China (Fig. 2). Some key figures of the
Shiwan catchment are shown in Table 1. The name of Hepu in Chinese language
means the place where streams and rivers join and flow to the sea. Hepu has praise for
"The Southern Pearl County" because of its abundance of pearls.
Figure 2. Map of China and the study area (inside red dot circle) in Guangxi (Google Map)
The pillar industries of Hepu are fishery, agriculture and forestry. Hepu is surrounded
by sea with high quality of water. Hepu is rich in aquatic biological resources, and has
more than 500 species of economic fishes. The land in Hepu is flat and fertile, and
suitable for cultivation of rice, sugar cane and other economic crops.
Table 1. Key figures of the Shiwan catchment
Longitude 109°8’ - 109°11’ E
Latitude 21°46’ - 21°49’ N
Total area, ha 752
Elevation, m 0 - 75
Annual solar radiation, MJ/m2 4,882
Annual sunshine hours, h 2,001
Average annual temperature, ?C 23.2
Annual mean precipitation, mm 1,713
According to Hepu County Forest Administration survey data (1999), the county has
226,714 ha land area, of which forestry land area accounts for 34 percentage (77,474
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ha) of which 26,600 ha are fast-growing eucalyptus plantations. The main eucalyptus
species being used commercially in the area are Eucalyptus urophylla, E. tereticornis
(12ABL Congo) and a number of eucalyptus hybrids including: Eucalyptus grandis x
E. urophylla; E urophylla x E. grandis; E. urophylla x E. tereticornis (UNDP 2006).
3.1.1.1 Physical geography
The administrative capital of Hepu County belongs to the city of Beihai, located on
the coast. Its longitude is between 108°51’ and 109°46’ E, and its latitude is between
21°27’ and 21°55’ N. The county’s total area is 2,380 km2 with a population 930,000.
The coastline of Hepu County is 307 km long. Hepu belongs to a tropical transition
coastal plain area with 92% of the land below 100 m above sea level.
3.1.1.2 Soil
  The soils at the Shiwan catchment are Acrisols (FAO 1988, 2001, 2006) - soils that
have been intensively weathered, low in organic matter, cation exchange capacity and
nutrients,  and  have  a  subsoil  with  a  higher  clay  content  (argic,  Bt,  horizon)  than  the
overlying horizon. The profile is typically A-E-Bt-C. Acrisols correspond to Ultisols
in the US Soil Taxonomy and Yellowish Red Earths in the Chinese soil classification
system (He et al. 2004). The eluviated (E) horizon is yellowish and coarser textured
than the underlying argic (Bt) clay-enriched and more reddish horizon. The red
colours are due to illuviated Fe sesquioxides.
3.1.1.3 Climate
Hepu belongs to subtropical monsoon area and has the characteristic of strong
sunshine,  hot  summer,  warm  winter  and  long  frost-free  period.  The  climate  is
controlled by the monsoon circulation, and the prevailing wind direction changes
seasonally.
Solar radiation and sunshine
According to data from 1958 to 1977 (Xinhuanet 2008), the annual solar radiation in
the county averages 4,882 MJ/m2. The radiation is highest in July (534 MJ/m2), and
lowest in February (274 MJ/m2). Data from 1955 to 1981 show the annual average
sunshine hours in Hepu is 1,921 h. The sunshine hours reach 200 in May, July and
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September, but fall below 100 in February and March.
Temperature
The county’s average monthly temperature is 22.4?C, with highest temperate in June
and  July  and  lowest  in  January.  From  March  to  May  and  from  September  to
November the average daily temperature is between 19?C and 28?C. During June
and August there are more than 70 days with daily maximum temperature higher
than 30?C.
Precipitation
The annual mean precipitation in Hepu varies between 1,500 and 1,800 mm. There
is a large difference between seasons. One year can be divided into dry season and
wet season. Dry season starts from October and ends in the following March, and
wet season starts from April and ends in September. In August the precipitation has
highest value 330 - 400 mm, and in December has lowest value 20 - 40 mm. The
annual raining days are 148 (out of 365) on average.
Wind
The most frequent (21%) wind direction in Hepu is from the north, followed by the
northeast, southeast, east, southwest, west and the northwest. The mean wind speed
in Hepu is 3.1 m/s. Typhoons and thunderstorms as the result of the tropical
depression are quite common from April to October.
3.1.2 Meteorological data
In this study, the long-term monthly mean air temperature, participation and cloud
cover were generated for the central point of the Shiwan catchment (21.782°N
109.156°E elevation: 20 m) using the local climate estimator software - LocClim
version 1.10 (FAO 2005). The long-term monthly mean temperature (T_mean),
maximum temperature (T_max), minimum temperature (T_min), precipitation (P),
potential evapotranspiration (PET) and sunshine fraction values were interpolated
from a few nearest stations within 200 km using the nearest neighbour interpolation
method.
The average annual mean temperature at the Shiwan catchment is 23.2 °C (Fig. 3).
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The average temperature in the coldest month, January, is 15.0 °C and 29.2°C in the
warmest month, July.
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Figure 3. Mean, maximum and minimum long-term temperature at the Shiwan catchment
generated using LocClim (FAO 2005)
The average annual precipitation at the Shiwan catchment is 1,700 mm and the
average annual potential evapotranspiration (PET) is 1,350 mm (Fig. 4). Water could
be a limiting factor for crops and vegetation during the dry season (October to March),
when the PET exceeds precipitation.
Figure 4. Mean precipitation and potential evapotranspiration (PET)
at the Shiwan catchment generated using LocClim (FAO 2005)
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Table 2 shows that the average annual sunshine fraction (the ratio of actual bright
sunshine hours to maximum possible sunshine hours) at the Shiwan catchment is 45%,
the mean day length is about 12:07 h and the mean annual sunshine hours is 2,000 h.
Table 2. Sunshine fraction, day length and sunshine hours at the Shiwan catchment
generated using LocClim (FAO 2005)
Sunshine fraction Day length Sunshine hours
  [%]  [h]  [h]
January 35  10:56  3:49
February 28  11:24  3:11
March 28  12:00  3:21
April 37  12:37  4:40
May 50  13:08  6:34
June 48  13:24  6:26
July 54  13:17  7:10
August 52  12:50  6:40
September 54  12:15  6:36
October 60  11:37  6:58
November 51  11:04  5:39
December 44  10:47  4:45
Mean 45  12:07  5:29
3.1.3 Geospatial data and satellite images
Digital Elevation Model of the South China area with a resolution of 90 m x 90 m
was used in this study. Several topographic maps, with 10 m elevation contour lines
and stream data, partly covering the study catchment were viewed, but not allowed to
be digitalized nor processed to get finer resolution due to strict governmental
regulations. ArcGIS shape files of SEGX plantations polygons and roads were used
and several satellite images covering the research area were accessed from the
DigitalGlobe platform (2007). These images (Fig. 5) were rectified and georeferenced
to the Universal Transverse Mercator system (UTM: WGS_1984_UTM_Zone_49N),
then overlapped with the available SEGX’s  plantation  polygons  and  the  study
watershed in ArcGIS (Fig. 6).
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Figure 5. A satellite image covering the Shiwan catchment accessed from DigitalGlobe (2007)
Figure 6. Overlapping map of the satellites images and SEGX’s plantation polygons
in the study watershed by ArcGIS
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3.2 Geospatial data processing.
3.2.1 Selecting and delineating the study watershed
Digital elevation models are already widely used and in geomorphology, hydrology,
soil erosion and many related geoanalysis fields. A digital elevation model is a digital
representation of ground surface topography or terrain. A DEM can be represented
and stored as a raster (a grid of squares) or as a triangular irregular network (TIN) or
contour-line models. In this study, a grid DEM from SEGX was used to delineate
watershed due to its simple data structure and compatibility with other digitally
produced data (Holmgren 1994).
In  ArcGIS desktop,  after  filling  the  sinks  of  DEM to  remove  small  imperfections  in
the data, calculating the flow directions and accumulation, and creating streams and
snap pour point (outlet), several potential watersheds in the Hepu area were delineated.
We visited all these watersheds, and finally we chose Shiwan watershed as our study
catchment. The decision was made based on the criteria:
(1) The size of the watershed would be around 10 km2,  in order to finish field work
within two month. (2) There should be distinct differences in elevations and
topography within the study watershed. This would enable us to analyze the impacts
of  topographical  factors  such  as  slope  and  aspect  on  the  water  balance.  (3)  The
watershed should be dominated by eucalyptus plantations of varying age, spacing and
specie mixtures.
The Shiwan catchment (named after the neatest village) was considered the best in
meeting these criteria. The Shiwan catchment was found to have up about 40%
covered by SEGX’s plantations. The satellite images and DEM based watershed gave
us  a  first  impression  of  the  land-use  of  the  catchment,  and  were  used  to  help  us  to
optimize routes and plan the field work.
3.2.2 Field survey network
A 90 m x 90 m grid covering the Shiwan catchment was generated with ArcGIS.
This resulted in a network of 1,000 sample points. Essential topographical parameters
such  as  elevation,  slope  and  aspect  were  extracted  from  the  DEM  for  each  of  these
points. These systematic points were used as target population for the running
30
WATBAL water balance model. From this target population of 1,000, we wished to
select a representative sample population of land-use cover types and topographies for
running WATBAL. Each of the sample population points was to be surveyed and data
for running WATBAL collected.
3.3 Field survey
 3.3.1 Aims
 The field work in the Shiwan catchment was started in October 2007. Since only
about  40%  of  the  land-use  cover  in  the  watershed  was  SEGX  plantations  with
documented information available, the first task was the missing land-use inventory
within the watershed. This enabled all the land-use polygons inside the watershed to
be used in ArcGIS desktop so that a representative number of sample points from the
target population of 1,000 could be selected for field survey.
3.3.2 Land-use inventory
With the help of satellites images, available land-use polygons and digital roads
information from SEGX, we got optimized plans to make the routes and arrange the
time for the land-use survey. The watershed boundary, roads and available land-use
polygons map were input into a GPS unit for use in the field. The boundaries of newly
found land-use polygons were recorded by GPS and exported to ArcGIS Desktop
platform.
 3.3.3 Plots data collection
 After the land-use map was exported to ArcGIS, the target population of 1,000
sample points containing topographical data were supplemented with land-use
information. A sample population of 180 points was selected by stratified random
sampling. The strata were the land-use polygons. One rule used in this random
selection was that a minimum of ten points should be selected for each land-use type
at random so as to ensure that all topographies (elevation, slope and aspect) were
included and that the distribution of the points would allow spatial interpolation of the
WATBAL results.
At each of these selected 180 points, following data were to be collected either from
the ArcGIS map or field survey:
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Site data: coordinates, elevation, slope position, slope (degree) and aspect (degrees)
Stand data: ground vegetation cover, canopy cover and canopy density
Soil data: soil texture, rock fragment and soil depth
A field survey form (Appendix 2) was developed for the field work.
Plot number
The 180 selected plots were numbered.
Land-use types
The list of land-use types (see Table 3).
Table 3. List of land-use types in the study catchment
Abbr. Land-use type
A 2001 (SE) Acacia plantation, year of planting: 2001, Stora Enso's plantation
A 2003 (SE) Acacia plantation, year of planting: 2003, Stora Enso's plantation
E 2000 (SE) Eucalyptus plantation, year of planting: 2000, Stora Enso's plantation
E 2003 (SE) Eucalyptus plantation, year of planting: 2003, Stora Enso's plantation
E 2004 (SE) Eucalyptus plantation, year of planting: 2004, Stora Enso's plantation
E 2007 (SE) Eucalyptus plantation, year of planting: 2007, Stora Enso's plantation
E 05-06 (SE) Eucalyptus plantation, year of planting: 2005 - 06, Stora Enso'splantation
E+A 2001 (SE) Eucalyptus mixed with acacia plantation, year of planting: 2003, Stora
Enso's plantation
E+A 2003 (SE) Eucalyptus mixed with acacia plantation, year of planting: 2002, Stora
Enso's plantation
E Eucalyptus plantation belonging to local community, middle age
E Young Eucalyptus plantation belonging to local community, young age
P Pine plantation belonging to local community, middle age
E+P Eucalyptus mixed with pine plantation belonging to local community
Apple tree Apple tree
Lichee Lichee crop
Rice Rice crop
Sugarcane Sugarcane crop
Sweet potato Sweet potato crop
Agr. Other agricultural crop
Degraded land Degraded land
Villages / Houses Villages or houses
Water Water area
Year of planting
The year when the plantation or the crop was planted.
Coordinates
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X, Y coordinates of the sampling plot and elevation observed from GPS and extracted
from DEM were given.
Slope position (see Fig. 7).
A: Crest (CR)
B: Upper slope (UP)
C: Middle slope (MS)
D: Lower slope (LS)
E: Toe slope (TS)
F: Bottom (BO)
Figure 7. Slope positions in undulating and mountainous terrain
(FAO 2006, Guidelines for soil description, Fig. 2)
Slope and aspect
Slope degree and aspect degree was extracted from DEM.
Ground vegetation
1 = Bare land, 2 = 0-25%, 3 = 25-75%, 4 = >75%
5 = 100%.
Canopy cover
1 = 0-25%, 2 = 25-50%, 3 = 50-75%, 4 = 75-100%
Canopy density
1 = Light 2 = Medium 3 = Dense
Soil texture
S: Sand,
LS: Loamy sand,
SL: Sandy loam,
SCL: Sandy clay loam,
SC: Sandy clay,
ZL: Silty loam,
 : Silt,
L: Loam,
ZCL: Silty clay loam,
CL: Clay loam,
C: Clay
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Rock fragment
Abundance of rock fragments (by volume %) class and rock fragment size class (See
Table 4).
Table 4. Classification of coarse surface fragments
(FAO 2006, Guidelines for soil description, Table 15)
Size classes (indicating the greatest dimension)Surface cover %
(cm)
N None 0 F Fine gravel 0.2-0.6
V Very few 0-2 M Medium gravel 0.6-2.0
F Few 2-5 C Coarse gravel 2-6
C Common 5-15 S Stones 6-20
M Many 15-40 B Boulders 20-60
A Abundant 40-80 L Large boulders 60-200
D Dominant >80 *
* Combination of size classes
FM : Fine and medium gravel
MC : Medium and coarse gravel
CS : Coarse gravel and stones
SB : Stones and boulders
BL : Boulders and large boulders
Soil depth class
1 = 0-0.5 m (shallow) 2 = 0.5-1 m (moderate) 3 = > 1 m (deep)
3.4 WATBAL inputs
To run WATBAL, a set of parameters needed to describe the stand, vegetation and soil
(see Table 5) and a meteorological input file (see Table 11) were requited.
Table 5. Parameters used in WATBAL to calculate the monthly water balance.
Parameter Description Values
Lat Latitude of site, decimal degrees Appendix 3
Elev Elevation of site, m a.s.l Appendix 3
Rb Site specific monthly beam (direct) radiation tilt factors. Used to
convert global radiation received on a horizontal surface to that
received on slope in question.
Appendix 4
Rd Site specific diffuse radiation tilt factor. Used to convert global
radiation received on a horizontal surface to that received on
slope in question.
Appendix 3
Tmax Long-term mean maximum air temperature for warmest month
of the year, °C. Used to calculate vapour pressure deficit in
Jensen-Haise alfalfa reference crop evapotranspiration, ETo.
Appendix 3
Tmin Long-term mean minimum air temperature for warmest month
of the year, °C. Used to calculate vapour pressure deficit in
Jensen-Haise alfalfa reference crop evapotranspiration, ETo.
Appendix 3
Kc Crop coefficient used to convert the Jensen-Haise alfalfa
reference crop evapotranspiration value, ETo, into
Appendix 3
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evapotranspiration values for the crop (land use in question,
ETc. Kc integrates the effects of the characteristics that
distinguish the crop from the reference crop. See Allen et al.
1998.
Runoff_coefft Fraction of precipitation that forms surface runoff rather than
infiltrating the soil. Monthly values are for Eucalyptus, mixed
forest and bare land classes were as reported by Zhou et al.
2002. The average of the mixed forest and bare land values
were used for all other types of vegetation cover.
Table 6;
Appendix 4
Runoff_coefft
_weight
Weighting of Runoff_coefft used to take into account the
decrease in surface runoff (increase in infiltration) due to litter
and ground vegetation cover in forest covered areas. Values
based on relationship between the Runoff_coefft and
understory ground cover presented by Zhou et al. 2002.
Appendix 3
Matrix_loss Fraction of available soil water lost from rooting zone due to
matrix potential gradients.
A value of 5 %
used for all
sites.
Root Rooting depth, fraction of roots in layer. Appendix 3
SMfc Water content of the rooting zone when at field capacity, mm.
Value depends on soil texture class (Rawls et 1982).
Appendix 3
SMpwp Water content of the rooting zone when at permanent wilting
point, mm. Value depends on soil texture class (Rawls et 1982).
Appendix 3
SMcrit Critical soil water content of the rooting zone at which further
transpiration loss takes place at a rate less than the reference
crop (ETo) rate. Value depends on soil texture class as
indicated by Zahner 1967.
Table 10;
Appendix 3
SMrate The reduced rate of transpiration (depletion of soil water) when
soil water content is below SMcrit. Value depends on soil texture
class as indicated by Zahner 1967.
Table 10;
Appendix 3
3.4.1 Site data processing and analysis
  3.4.1.1 Latitude
  Latitude (Lat) was in decimal degrees.
  3.4.1.2 Elevation
  Elevation (Ele) was extracted from DEM.
  3.4.1.3 Slope tilt factor
Latitude, slope and aspect degrees in the field form of  each  plot  were  used  to
calculate the tilt factors Rb and  Rd in a separated Excel file. The monthly direct
radiation beam tilt factors, Rb,  which remain constant from year to year,  and the site
diffuse radiation tilt factor, Rd, are needed to calculate the global radiation for sloping
sites. For non-sloping sites, Rb and  Rd value = 1. Values for the 180 points were
calculated by Dr. Michael Starr (University of Helsinki).
 3.4.2 Stand data processing and analysis
  3.4.2.1 Runoff coefficient
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Runoff  coefficient  (runoff_coeff)  was  used  to  allocate  part  of  the  monthly  rainfall
to surface runoff (by-pass flow in WATBAL). The monthly runoff_coeff values were
surface flow/rainfall ratios determined from measurements made at 3 catchments
(1981-1990) in Xiaoliang study area in Guangdong Province (Zhou et al. 2002).
Catchment runoff was monitored by measurement weirs with streamflow recorders on
the ephemeral streams emanating from each catchment and recorded automatically for
every precipitation event during 1981-1990. The 3 small (3 to 7 ha) catchments were
eucalyptus dominated, a bare soil dominated, and a mixed forest (eucalyptus +
indigenous species, including an Acacia). All the other land-use classes were
calculated as the average of the mixed forest and bare land values (see Table 6).
Table 6. Runoff coefficient (surface flow/rainfall) used for eucalyptus, mixed forest,
bare land and everything else (modified from Table 1 in Zhou et al. 2002)
month t Eucalyptus
(A)
Mixed forest
(B)
Bare land
(C)
Everything else
Average (B)&(C)
Jan 1 0.114 0.000 0.313 0.157
Feb 2 0.109 0.000 0.370 0.185
Mar 3 0.230 0.003 0.567 0.285
Apr 4 0.202 0.003 0.322 0.163
May 5 0.294 0.005 0.625 0.315
Jun 6 0.322 0.060 0.597 0.329
Jul 7 0.259 0.033 0.605 0.319
Aug 8 0.239 0.089 0.592 0.341
Sep 9 0.179 0.005 0.522 0.264
Oct 10 0.195 0.000 0.474 0.237
Nov 11 0.092 0.000 0.101 0.051
Dec 12 0.000 0.000 0.071 0.036
Runoff  coefficient  weight  (runoff_coeff_weight)  was  used  to  weight  the  monthly
runoff_coeff values. It was used to take into account the role of ground vegetation
litter and cover (cf. bare ground) on infiltration (vs. surface runoff). Values of the
Runoff_coeff_weight depended on ground vegetation cover class in the field form.
The values were derived from the monthly mean values of surface runoff coefficients
from the protected area of the eucalyptus catchment presented by Zhou et al (2002).
3.4.2.2 Crop coefficient
The  crop  coefficient,  Kc, is the ratio of the crop ETc to the reference ETo0, and it
represents an integration of the effects of crop height and interception, albedo and
canopy resistance (leaf area, age and stomatal control)
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Kc was calculated as follows:
Kc = 1+((Kc_basic*age_wt -1)*canopy_wt)
where
Kc_basic : Typical value for species based on literature (see Appendix 5)
age_wt : Weighting used to describe effect of eucalyptus plantation age (see Table 7)
Table 7. Age weight used to describe effect of plantation age on Kc value
Year of planting 2001 2003/4 2007 Young N/A
age_wt 1 0.8 0.5 0.5 1
canopy_wt: Weighting due to the difference in canopy cover and density (see
Appendix 3)
canopy_wt = (canopy cover + canopy density)/7
For example, at Plot 1, for SE eucalyptus mixed with acacia plantation, which was
planted in 2001, its canopy cover class was 3 and canopy density class was 2 in the
field form, accordingly, its Kc was calculated as:
Kc (plot 1#) = 1+((Kc_basic*age_wt -1)*canopy_wt) = 1+((2.03*1-1)*(3+2)/7) = 1.74
3.4.2.3 Rooting depth
Rooting depth (root) at plot was either maximum rooting depth or soil depth, which
ever was the least. Maximum (potential) rooting depth, m, values (see Appendix 5)
were based on literature values, and subjective effect of eucalyptus plantation age:
2001 = 3 m; 2003/04 = 2 m; 2007 (young) = 1 m. Soil depth was valued based on the
soil depth classes from the field form (see Table 8).
Table 8. Soil depth value used based on soil depth class
Soil depth class 1 2 3
< 0.5 m (shallow) 0.5-1 m (moderate) 1 m (deep)
Soil depth value 0.5 1 2
 3.4.3 Soil hydraulic data processing and analysis
  3.4.3.1 Soil moisture at field capacity and soil moisture at permanent wilting point
  The soil moisture at field capacity, SMfc, (FC, field capacity, the maximum amount
of water that a freely draining soil can hold against gravity) was calculated as:
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SMfc, mm = FC * rooting depth * 103* [(100-Rock Frag %)/100]
where
FC = Water retained at -33 kPa, cm3/cm3 for soil texture class (see Table 10)
The soil moisture at permanent wilting point, SMpwp, (PWP, roots in extracting water
from  the  soil  to  meet  the  transpiration  demand,  are  able  to  do  so  down  to  a  critical
point) was calculated as:
SMpwp, mm = PWP * rooting depth * 103 * [(100-Rock Frag %)/100]
where
PWP = Water retained at -1,500 kPa, cm3/cm3 for soil texture class (see Table 10).
Rock Frag %: Rock fragment by volume was valued based on the abundance of rock
fragments class in the field form (see Table 9).
Table 9. Rock Frag % value used based on the abundance of rock fragments class
Abundance of rock fragments class Rock Frag % value
N : None 0
V : Very few 1
F : Few 4
C : Common 10
M : Many 28
A : Abundant 60
D : Dominant 90
3.4.3.2 Critical soil moisture content and rate of soil moisture depletion
Critical soil moisture content (SMcrit) and rate of soil moisture depletion (SMrate)
values  were  given  based  on  references  by  the  soil  texture  classes  in  the  Shiwan
catchment in the following Table 10.
Table 10. FC, PWP, SMcrit and SMrate values used in the Shiwan catchment
based on the soil texture class
Soil texture class FCa PWPa SMcritb SMrateb
S Sand 0.091 0.033 0.25 0.50
LS Loamy sand 0.125 0.055 0.30 0.60
SL Sandy loam 0.207 0.095 0.35 0.70
L Loam 0.270 0.117 0.57 1.00
ZL Silty loam 0.330 0.133 0.67 1.00
SCL Sandy clay loam 0.255 0.148 0.40 0.80
CL Clay loam 0.318 0.197 0.67 1.00
ZCL Silty clay loam 0.366 0.208 0.60 1.00
SC Sandy clay 0.339 0.239 0.45 0.90
ZC Silty clay 0.387 0.250 0.64 1.00
C Clay 0.396 0.272 0.80 1.00
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a. Rawls et al. 1992. Water-retention properties by soil texture (Table 5.3.2 p.5.15)
b. Zahner 1967.
3.4.4 Meteorological input file
The meteorological file (see Table 11) contains cloud cover, precipitation,
temperature, slope tilt factors and runoff coefficient values. The meteorological data
generated from LocClim (FAO 2006) were used for this input file.
Table 11. WATBAL meteorological input file for Plot 1. The input file was a two-year series
(month 1 to month 24), but only the second year data were using. The idea was to overcome
the initial bounding conditions and get rid of the first year’s odd values.
  3.4.4.1 Rainfall
  Precipitation value in mm (Pmm) generated from LocClim (FAO 2005) was the
same for each plot (assumed not to vary over the small catchment).
3.4.4.2 Temperature
The long-term monthly mean temperature (Ta), mean maximum temperature (Tmax)
for July (warmest month of the year) and mean minimum temperature (Tmin) for July
generated from LocClim (FAO 2005) was the for the central point of the Shiwan
catchment at an altitude at 20 m. Plot specific Ta, Tmax and Tmin values were calculated
corrected using an adiabatic lapse correction rate of 0.65 ?C per 100 m difference in
altitude.
  3.4.4.3 Cloud cover
  Cloud cover (cloud) was assumed to be the compliment to the sunshine fraction. It
was calculated as:
cloud = (100- sunshine fraction) /10
Cloud  cover  value  was  the  same  for  each  plot  (assumed  not  to  vary  over  the  small
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catchment).
3.4.4.4 Estimation of global radiation from cloud cover
Black’s (1956) model for estimating global radiation from cloud cover was used
(Rosenberg et al. 1983). Thus, the monthly global conditions were calculated as:
Rs = Rso * (0.803 - 0.340C - 0.458C2)
where
Rs = radiation actually received
Rso = theoretical amount of radiation reaching earth in the absence of atmosphere
C = mean monthly cloudiness in tenths of sky cover
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3.5 Upscaling using GIS
3.5.1 Interpolation methods
After running WATBAL, the monthly water balance output values (see section 4.2)
of each of the 180 plot were interpolated in ArcGIS. Several surface interpolation
methods were tested for upscaling the point values to surface values for the whole
catchment.
Surface interpolation functions create a continuous (or prediction) surface from
sampled point values. Surface interpolation functions make predictions from sample
measurements  for  all  locations  in  a  raster  dataset  whether  or  not  a  measurement  has
been taken at the location. There is a variety of ways to derive a prediction for each
location; each method is referred to as a model. With each model, there are different
assumptions made of the data, and certain models are more applicable for specific
data. For example, one model may account for local variation better than another. In
this study, two deterministic interpolation methods (IDW and Spline) and a
geostatistical interpolation method Kriging, available in ArcGIS were used.
Inverse distance weighted (IDW) interpolation determines cell values using a linearly
weighted combination of a set of sample points. The weight is a function of inverse
distance. Spline is a method that interpolates a surface from points using a minimum
curvature spline technique. The resulting smooth surface from the Spline tool passes
exactly through the input points. Kriging is an advanced geostatistical procedure that
generates an estimated surface from a scattered set of points with z-values. There are
two kriging methods in ArcGIS: ordinary and universal. Universal kriging assumes
that there is an overriding trend in the data. Ordinary kriging is the most general and
widely used of the kriging methods and is the default. It assumes the constant mean is
unknown. This is a reasonable assumption unless there is a scientific reason to reject it
(ArcGIS Helpdesk 2008). In this study the ordinary kriging method was used.
3.5.2 Goodness-of-fit analysis
Because of the uncertainty associated with surface interpolation methods, the
uncertainty  should  be  accounted  for  in  method  application  and  evaluation.  We  were
keen to find out which surface interpolation method produced better results accounted
for the Shiwan catchment situation, and examine the errors and precision for each
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method. In this study, goodness-of-fit statistics were used to examine and compare the
precision and errors of the 3 surface interpolation methods (IDW, Spline and Kriging).
Since  the  main  objective  of  the  study  was  to  determine  the  water  use  of  eucalyptus
plantations, the goodness-of-fit was performed on the annual actual evapo-
transpiration (AET) component of the water balance. Goodness-of-fit analysis
describes how well it fits a set of observations. Measures of goodness of fit typically
summarize the discrepancy between observed values and the values expected under
the model in question. WATBAL AET values for the 180 plots were treated as
observed values and the AET values derived from the interpolation surface at the
same plots were treated as the predicted values. The theory was that, supposing at one
plot, the AET was unknown, and we used all the other 179 plots AET values to
estimate the AET value for this plot. By comparing the observed values and predicted
values, we could analyze the precision for each of the 3 surface interpolation methods
for the study catchment could be evaluated.
One  approach  would  have  been  to  compare  the  WATBAL value  for  each  of  the  180
points with the value from the interpolation surfaces derived by excluding the selected
sample point. Due to excessive processing time of ArcGIS interpolation work,
however, a different approach was used. The 180 WATBAL plots were divided into 5
subsets so each subset contained 36 plots. In each subset, the amount of points from
different  land-use  polygons  was  about  the  same.  For  example,  if  there  were  total  49
points from eucalyptus mixed with acacia plantation (E+A 2001) polygons, each
subset had about 10 WATBAL E+A 2001 plots. The 10 WATBAL plots in each of the
5 subsets were randomly selected. In the next stage an AET interpolation surface was
generated using the WATBAL data from the 4 of the 5 subsets (i.e. 144 points), and
the interpolation surface values for the excluded subset of WATBAL points compared
with the modelled values. This procedure was repeated four times, each time
excluding a different subset of points to derive the interpolation surface. In this study
datasets of observed AET values, O1-O180 (WATBAL output), and predicted values
P1-P180 by interpolation method were derived.
In this study, three goodness-of-fit statistics to describe the fit between O and P values
were used: the coefficient of efficiency, E (Nash and Sutcliffe 1970), the index of
agreement d (Willmott 1981), the root mean square error (RMSE) and the mean
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absolute error (MAE).
  3.5.2.1 The coefficient of efficiency
  The coefficient of efficiency E statistic has been widely used to evaluate the
performance of various models. The coefficient of efficiency ranges from minus
infinity to 1.0, and higher value indicates better agreement between observed and
modelled values. The coefficient of efficiency E is calculated as:
where
Oi = observed value
Pi = modelled (predicted) value
? = mean of observed data.
  3.5.2.2 Index of agreement
Willmott (1981) sought to overcome the insensitivity of correlation-based measures to
differences in the observed and model-simulated means and variances by developing
the index of agreement d, given by
where
Oi = observed value
Pi = modelled (predicted) value
? = mean of observed data.
The index of agreement varies from 0.0 to 1.0, with higher values indicating better
agreement  between  the  model  and  observations.  The  index  of  agreement  was  not
designed to be a measure of correlation but of the degree to which a model’s
predictions are error free.
3.5.2.3 Root mean square error and mean absolute error
The root mean square error, RMSE, and the mean absolute error, MAE, are
well-accepted absolute error goodness-of-fit indicators that describe differences in
observed and predicted values in the appropriate units (Legates and McCabe 1999).
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They are calculated as below:
where
Oi = observed value
Pi = modelled (predicted) value
? = mean of observed data.
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4 RESULTS
4.1 Land-use map and sampling plots
The terrain altitude of the Shiwan catchment decreased from the northeast corner to
the southwest corner of the catchment. The total area of the catchment was 752 ha, of
which eucalyptus plantations were 220 ha (29%), agricultural crops were 125 ha
(17%), water areas were 117 ha (16%), Acacia mixed with eucalyptus plantations
were 92 ha (12%), Pine plantations were 86 ha (11%) and Acacia plantations were 35
ha (5%) (Fig. 8). All of SEGX plantations were 347 ha, which accounted for 46% of
the whole catchment.
During the inventory, pine (typical community
Pinus massoniana), local community
eucalyptus plantations, lichee, sugar cane,
sweet potatoes, rice, and other agriculture
crops polygons besides SEGX’s plantations,
were identified and mapped. Also there were
rivers, lakes, dams, villages, farms inside the
watershed. Most forest plantation lands were
on hilly lands with almost all the low lands
committed to agriculture. At the northeast part
of the catchment there were newly planted
eucalyptus in 2007, and before that the area
was agricultural land. At the southwest part of
the catchment there was large area of sugar
cane crops cultivated by local villagers. The
full land-use map (Appendix 6) was drawn up
in ArcGIS after two weeks’ inventory. For each of the 180 sampling plots,
geo-location, topographic data (elevation, slope, aspect) and field survey data were
connected.
29%
5%
12%
11%
17%
16%
10%
Eucalyptus
Acacia
Acacia + Eucalyptus
Pine
Agricultural crops
Water area
Others
Figure 8. The circle graph of main
land-use types in Shiwan catchment
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4.2 WATBAL outputs
WATBAL produces monthly values for the components of the water balance. The
actual evapotranspiration component (AET) is based on a reference crop (alfalfa)
evapotranspiration (ETo), that is converted into a value for each specific vegetation
type (land-use) - the crop evapotranspiration value (ETc), i.e. the potential evapo-
transpiration (PET) for each specific land-use class. The difference between actual
and potential evapotranspiration (AET - PET), evapotranspiration deficit (ET_deficit), is
a measure of drought stress. Soil moisture (SM) content and the soil moisture deficit
(SM_deficit) which is how far SM content is below field capacity (SMfc - SM?are also
computed. The evapotranspiration and soil moisture deficits can be expected to
describe drought stress and shortages of soil moisture.
An example of water balance generated by WATBAL for plot number 1 in the Shiwan
catchment is presented in Figure 9.
Figure 9. Water balance chart generated by WATBAL for Plot 1 at the Shiwan catchment
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4.2.1 Monthly actual evapotranspiration
Figure 10 shows the monthly actual evapotranspiration (ETc_adj) for selected land-use
types in the Shiwan catchment.
Figure 10. Monthly actual evapotranspiration for land-use types in the Shiwan catchment
(precipitation given as background shaded area)
We  can  see  that  from  April  to  October  there  was  more  rainfall  as  well  as  greater
amount of water consumption than in other months. Eucalyptus mixed with acacia
plantations had the largest amount of water use in a year. Older eucalyptus plantations
had larger amount of water use than younger ones. The actual evapotranspiration
(AET) for dry and wet season is shown in the Table 12 below.
Table 12. Annual, dry season and wet season AET amount and as percentage of rainfall in
parentheses for land-use types in the Shiwan catchment
Actual evapotranspiration, mm
Season Precipitation E+A 2001 E 2003-4 E 2007 Pine Sugar cane
Dry season a 275 267 (97) 200 (73) 251 (91) 272 (99) 158 (58)
Wet season b 1438 1216 (85) 1066 (74) 984 (68) 1071 (74) 931 (65)
Annual 1713 1483 (87) 1267 (74) 1235 (72) 1343 (78) 1089 (64)
a. Dry season, from October to March
b. Wet season, from April to September
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4.2.2 Monthly evapotranspiration deficit
Figure 11 shows the monthly evapotranspiration deficit (ET_deficit) for land-use types
in the Shiwan catchment.
Figure 11. Monthly evapotranspiration deficit for land-use types in the Shiwan catchment
There were two evapotranspiration deficit peeks: one occurred in the May and the
other one presented between October and November. During the wet raining season,
this deficit was mitigated. Figure shows that the greater ET deficits appeared in
mid-aged eucalyptus plantation and sugar cane crop. The ET_deficit for dry and wet
season is shown in the Table 13 below.
Table 13. Annual, dry season and wet season evapotranspiration deficit and as percentage of
annual evapotranspiration deficit for land-use types in the Shiwan catchment
Evapotranspiration deficit, mm
Season E+A 2001 E 2003-4 E 2007 Pine Sugar cane
Dry season a -475 (68) -499 (55) -286 (67) -306 (67) -479 (54)
Wet season b -221 (32) -403 (45) -142 (33) -150 (33) -406 (46)
Annual -696 (100) -902 (100) -428 (100) -456 (100) -884 (100)
a. Dry season, from October to March
b. Wet season, from April to September
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4.2.3 Monthly soil moisture deficit
Figure 12 shows the monthly soil moisture deficit (SM_deficit) for land-use types in
the Shiwan catchment.
Figure 12. Monthly soil moisture deficit for land-use types in the Shiwan catchment
During the raining season when there was plenty of rainfall, the soil moisture got
recharged, and the soil moisture deficit was mitigated. From the figure, we can see in
August, this deficit was almost eliminated. However, for sugar cane crop, the soil
moisture deficit remained constant. Soil moisture couldn’t get recharged the whole
year, which may be due to the attributes of soil texture and high soil moisture content
at field capacity in the west part of the catchment where the sugar cane crops were
planted. The SM_deficit for dry and wet season is shown in the Table 14 below.
Table 14. Annual, dry season and wet season soil moisture deficit and as percentage of annual
soil moisture deficit for land-use types in the Shiwan catchment
Soil moisture deficit, mm
Season E+A 2001 E 2003-4 E 2007 Pine Sugar cane
Dry season a -556 (60) -607 (52) -482 (62) -620 (63) -792 (50)
Wet season b -369 (40) -566 (48) -296 (38) -362 (37) -792 (50)
Annual -925 (100) -1174 (100) -778 (100) -982 (100) -1584 (100)
a. Dry season, from October to March
b. Wet season, from April to September
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4.2.4 Monthly surface runoff
Figure 13 shows that the monthly surface runoff for land-use types in the Shiwan
catchment.
Figure 13. Monthly surface runoff for land-use types in the Shiwan catchment
(precipitation given as background shaded area)
The agricultural crop sugar cane had distinctly larger amount of surface runoff while
eucalyptus mixed with acacia plantation had smaller amount compared to the others.
It proved that forest plantation could reduce surface runoff as well as the probability
of soil erosion. There were greater amount of surface runoff in wet season than in dry
season. The surface runoff for dry and wet season is shown in the Table 15 below.
Table 15 Annual, dry season and wet season surface runoff amount and as percentage of
rainfall in parentheses for land-use types in the Shiwan catchment
Surface runoff, mm
Season Precipitation E+A 2001 E 2003-4 E 2007 Pine Sugar cane
Dry season a 275 0 (0) 37 (13) 29 (11) 20 (7) 53 (19)
Wet season b 1438 35 (2) 315 (22) 252 (18) 166 (12) 443 (31)
Annual 1713 35 (2) 352 (21) 281 (16) 186 (11) 496 (29)
a. Dry season, from October to March
b. Wet season, from April to September
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4.2.5 Monthly infiltration
Figure 14 shows that the monthly infiltration for land-use types in the Shiwan
catchment.
Figure 14. Monthly infiltration for land-use types in the Shiwan catchment
(precipitation given as background shaded area)
For all the land-use types in the figure, infiltration only occurred during the wet
season when there was plenty of rainfall. There was a distinctive difference between
tree plantations and agricultural crops in infiltration. For example, for young
eucalyptus plantation the annual infiltration was 35 times as much as sugar cane crops.
The infiltration for dry and wet season is shown in the Table 16 below.
Table 16. Annual, dry season and wet season infiltration amount and as percentage of rainfall
in parentheses for land-use types in the Shiwan catchment
Infiltration, mm
Season Precipitation E+A 2001 E 2003-4 E 2007 Pine Sugar cane
Dry season a 275 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Wet season b 1438 46 (3) 201 (14) 210 (15) 205 (14) 6 (0)
Annual 1713 46 (3) 201 (12) 210 (12) 205 (12) 6 (0)
a. Dry season, from October to March
b. Wet season, from April to September
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4.2.6 Monthly drainage
Figure 15 shows that the monthly drainage for land-use types in the Shiwan
catchment.
Figure 15. Monthly drainage for land-use types in the Shiwan catchment
(precipitation given as background shaded area)
The drainage accounted for a very small part to precipitation. And drainage happened
only in July, July, August and September these four months when there was plenty of
rainfall. For sugar cane, there was almost zero drainage. The young eucalyptus
plantation yielded the biggest drainage 81 mm in August. The drainage for dry and
wet season is shown in the Table 17 below.
Table 17. Annual, dry season and wet season drainage amount and as percentage of rainfall in
parentheses for land-use types in the Shiwan catchment
Drainage, mm
Season Precipitation E+A 2001 E 2003-4 E 2007 Pine Sugar cane
Dry season a 275 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Wet season b 1438 90 (6)  4 (0) 105 (7) 70 (5) 0 (0)
Annual 1713 90 (5)  4 (0) 105 (6) 70 (4) 0 (0)
a. Dry season, from October to March
b. Wet season, from April to September
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4.3 Sensitivity analysis of WATBAL parameters
Each input parameter of WATBAL affects water balance. But how sensitive do these
parameters affect the WATBAL outputs? We selected the Plot No. 63, which was
middle aged eucalyptus (year 2004) as our reference plot. We were interested to find
out how sensitive WATBAL outputs were to in precipitation, grounds vegetation cover,
rock fragment of the soil and soil texture. We simulated 8 different situations shown in
Table 18.
Table 18. Simulation of the changes of WATBAL input parameters for plot number 63
Annual Ground veg. Rock fragment Soil texture
precipitation classa abundance classb classc
Original data 1713 3 M ZCL
Precipitation+ +10%
Precipitation- -10%
Ground veg.+ 5
Ground veg.- 1
Stone content+ A
Stone content- V
Soil texture+ CL
Soil texture- SCL
a. Ground veg. class (1=bare land, 3=25-75%, 5=100%)
b. Rock fragment abundance (A=abundant, M=many, V=very few)
c. Soil texture class: (CL=clay loam, ZCL=silty clay loam, SCL=sandy clay loam)
WATBAL outputs of the simulation, actual evapotranspiration (ETc_adj), surface runoff,
infiltration, drainage, available soil water, soil moisture deficit (SM_deficit) and
evapotranspiration deficit (ET_deficit) for plot number 63 were shown in Table 19.
Table 19. WATBAL outputs of the simulation for plot number 63 in the Shiwan catchment
ETc_adj Runoff Infiltration Drainage Availablewater SM_deficit ET_deficit
Original 1353 266 58 0 42 -1326 -853
Precipitation+ 1595 321 192 46 233 -1135 -613
Precipitation- 1211 240 17 0 9 -1359 -994
Ground veg.+ 1475 134 117 0 141 -1227 -730
Ground veg.- 1110 515 0 0 0 -1368 -1097
Stone content+ 1394 266 58 37 24 -168 -813
Stone content - 1320 266 58 0 36 -1836 -885
Soil texture+ 1353 266 58 0 42 -1326 -853
Soil texture- 1293 325 36 0 26 -1342 -912
From the Figure 16, we can see compared to other parameters the changes of
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precipitation and ground vegetation cover had more significant impacts on WATBAL
modelling on actual evapotranspiration (ETc_adj). The increase of precipitation and
denser ground vegetation over may lead to higher actual evapotranspiration.
Figure 16. The effects of changes of WATBAL input parameters on
actual evapotranspiration (ET_adj) for plot number 63
Figures  17  shows  that  precipitation,  grounds  vegetation  cover  and  rock  fragment
played important roles in WATBAL modelling of soil moisture deficit (SM_deficit) and
evapotranspiration deficit (ET_deficit). Especially lower rock fragment in soil lowered
SM_deficit significantly. In general, the increase of precipitation, denser ground
vegetation cover and higher rock fragment may mitigate soil moisture and
evapotranspiration deficits.
Figure 17. The effects of changes of WATBAL input parameters on soil moisture deficit
(SM_deficit) and actual evapotranspiration deficit (ET_deficit) for plot number 63
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From Figure 18, we clearly found out the precipitation and ground vegetation cover
had great influences on the surface runoff and infiltration. Especially the ground
vegetation cover played significant role in the generation of surface runoff. Denser
ground vegetation cover reduced the surface runoff around 50%, meanwhile, denser
ground vegetation cover promoted the infiltration. When there was more rainfall,
more surface runoff, infiltration and drainage would be generated. The denser ground
vegetation cover could bring on more water infiltrated into the soil during the wet
season so that the soil moisture could get better recharged.
Figure 18. The effects of changes of WATBAL input parameters on surface runoff,
infiltration and drainage for plot number 63
4.4 Goodness-of-fit statistics
Actual evapotranspiration (AET) values from WATBAL outputs were marked as
observed values O1,  O2… O180, the predicted AET values by surface interpolation
method IDW were marked as P1, P2… P180, the predicted AET values by interpolation
method Spline were marked as P1’,  P2’… P180’, and the predicted AET values by
interpolation method Kriging were marked as P1’,  P2’’… P180’. The scatter chart of
AET by the 3 surface interpolation methods is shown in Figure 19.
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Figure 19. Scatter chart of predicted actual evapotranspiration (AET) values by surface
interpolation method Inverse Distance Weighted (IDW), Spline and Kring.
Table 20 shows the correlations among the observed actual evapotranspiration values
and the predicted values from the 3 interpolation methods. The correlation between
Inverse Distance Weighted (IDW) and Kriging had a high value 0.89, which
demonstrated that the two interpolation methods generated similar values. IDW and
Kriging were more correlated to observed values than Spline.
Table 20 Correlations among the observed actual evapotranspiration values and the predicted
values from the interpolation method, Kring, Inverse Distance Weighted (IDW) and Spline
Observation Kriging IDW Spline
Observation 1.00
Kriging 0.55 1.00
IDW 0.57 0.89 1.00
Spline 0.37 0.37 0.51 1.00
Table  21  shows  the  results  of  goodness-of-fit  statistics.  For  the  coefficient  of
efficiency E values, Spline<0<IDW<Kriging, Kring and IDW had higher E value than
Spline, which indicated that the Spline had worse agreement. For the index of
agreement d values, 0<Spline<Kriging<IDW<1, the d values of Kriging and IDW
were closer to 1 than Spline, which indicated better agreement between the models
and observations than Spline, similar to the interpretation of the coefficient of
determination R2. For RMSE values, Kriging<IDW<Spline and for MAE values
IDW<Kriging<Spline, which also indicated Kriging and IDW gave more precious
predictions to the observation than Spline.
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Table 21. Results in selected goodness-of-fit indicators for comparison of observed and
predicted actual evapotranspiration values by interpolation method IDW, Spline and Kring.
Method
Coefficient of
efficiency
E
Index of
Agreement
d
Root mean
square error
RMSE
Mean absolute
error
MAE
IDW 0.288 0.738 126.045 91.239
Spline -1.914 0.551 254.909 144.852
Kriging 0.304 0.678 124.576 99.470
4.5 Upscaling water balance component maps for the Shiwan catchment
Based on goodness-of-fit analysis, interpolation method Kriging was finally selected
to present the spatial distribution of the annual, dry season and wet season water use,
evapotranspiration deficit, surface runoff and drainage map of the Shiwan catchment
in South China
4.5.1 Spatial distribution of actual evapotranspiration
The annual mean actual evapotranspiration (AET or ETc_adj)  in  the  Shiwan
catchment was 1,288 mm, which accounted 75.2% of rainfall. The highest annual
actual evapotranspiration (1,373-1,492 mm) areas were in the middle and northeast
part of the catchment (Fig. 20), which were associated with the oldest (6-7 years old)
forested areas, including pure and mixed eucalyptus industrial plantations and local
community, coppiced plantations of eucalyptus on the slopes. The areas with the
lowest annual actual evapotranspiration (1,131-1,212 mm) were associated with
agricultural crops in the southwest of the catchment. Wet season accounted over 80%
of the annual actual evapotranspiration. For the dry season (Fig. 21), the mean actual
evapotranspiration was 225 mm, which accounts for 81.8% of rainfall, and for the wet
season (Fig. 22), the mean actual evapotranspiration was 1,060 mm, which accounted
for 73.7% of rainfall. The highest actual evapotranspiration areas during dry and wet
seasons were also in the middle and northwest part of the catchment, while the lowest
were in the southwest.
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Figure 20. Spatial distribution of annual actual evapotranspiration in the Shiwan catchment
by surface interpolation method Kring
Figure 21. Spatial distribution of actual evapotranspiration during the dry season
in the Shiwan catchment by surface interpolation method Kring
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Figure 22. Spatial distribution of actual evapotranspiration during the wet season
in the Shiwan catchment by surface interpolation method Kring
4.5.2 Spatial distribution of evapotranspiration deficit
The evapotranspiration deficit (ET_deficit) indicates the drought stress on the crop. The
annual mean evapotranspiration deficit in the Shiwan catchment was -299 mm. The
highest evapotranspiration deficit (-1101--881 mm) areas were in the middle west part
of the catchment (Fig. 23), which were associated with the middle aged (4-5 years old)
eucalyptus industrial plantations and sugar cane crops. The areas with the lowest
evapotranspiration deficit (-440--220 mm) were associated with young eucalyptus and
pine plantation in the northeast part of the catchment. The dry season accounted
around 60% of the annual evapotranspiration deficit. For the dry season (Fig. 24), the
mean evapotranspiration deficit was -178 mm, and for the wet season (Fig. 25), the
mean evapotranspiration deficit was -120 mm.
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Figure 23. Spatial distribution of annual evapotranspiration deficit in the Shiwan catchment
by surface interpolation method Kring
Figure 24. Spatial distribution of evapotranspiration deficit during the dry season
in the Shiwan catchment by surface interpolation method Kring
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Figure 25. Spatial distribution of evapotranspiration deficit during the wet season
in the Shiwan catchment by surface interpolation method Kring
4.5.3 Spatial distribution of annual available soil water and soil moisture deficit
The available soil water indicates the gap between soil moisture content and soil
moisture at permanent wilting point, while the soil moisture deficit indicates the gap
between soil moisture content and soil moisture at field capacity. The annual mean
available soil water in the Shiwan catchment was 117 mm, which accounted for about
7 % of rainfall (Fig. 26), and annual mean soil moisture deficit in the Shiwan
catchment was -435 mm (Fig. 27). Figure 26 and 27 look correlated. In the southwest
part  where  available  soil  water  content  was  low,  the  soil  moisture  deficit  was  high,
and in the northeast part where soil moisture deficit was low, the available soil water
content was high.
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Figure 26. Spatial distribution of annual available soil water in the Shiwan catchment
by surface interpolation method Kring
Figure 27. Spatial distribution of annual soil moisture deficit in the Shiwan catchment
by surface interpolation method Kring
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4.5.4 Spatial distribution of annual surface runoff and drainage
The annual mean surface runoff in the Shiwan catchment was 280 mm, which
accounted for 16 % of rainfall, and drainage was 140 mm, which accounted for 8 %.
Figure 28 and Figure 29 seem to be a bit complementary. The drainage values were
usually high in areas which the surface runoff values were low.
Figure 28. Spatial distribution of annual surface runoff in the Shiwan catchment
by surface interpolation method Kring
Figure 29. Spatial distribution of annual drainage in the Shiwan catchment
by surface interpolation method Kring
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5 DISCUSSION
5.1 The hydrological impacts of eucalyptus plantations in South China
Before SEGX’s plantations, the lands in the Shiwan catchment area were majorly for
agricultural use according to the field survey. Changes in land-use pattern had
profound effects on hydrological processes. In general, vegetation determines the
infiltration and properties of soils and affects the hydrological functioning of
catchments through surface runoff generation, recharge, and seasonal flows.
5.1.1 Water use of eucalyptus plantations
Water use of eucalyptus plantations is related to climate, soil, topology and species.
In this study, we found that the 7-year-old eucalyptus mixed with Acacia plantations
had the biggest annual evapotranspiration 1,483 mm, which accounted for 87% of
annual precipitation, followed by Pine 1,343 mm, middle aged eucalyptus plantations
1,267 mm, young eucalyptus plantation 1,235 mm and Sugar cane crops 1,089 mm in
the Shiwan catchment. Water-use by eucalyptus depends on age. Age affects crop
coefficient (Kc) and rooting depth. Higher crop coefficient values for older plantations
lead to higher evapotranspiration and greater foliage biomass (i.e. greater soil
moisture and reserve of soil moisture to use). The annual mean actual evapo-
transpiration in the Shiwan catchment was 1,288 mm, which accounted 75.2% of
annual rainfall. The clear dominance of actual evapotranspiration in the water balance
of  all  land-use  types  reflects  the  dominating  role  of  the  evaporative  potential  of  the
climate, with land-use cover and topography playing secondary roles. While water-use
was the highest for forested areas, eucalyptus per se did not use more water than
mixed plantations or those of the local community, such as Pine plantations and sugar
cane crops.
5.1.2 Surface runoff and drainage
Both WATBAL outputs charts and upscaling maps shows clearly either the pure or
mixed eucalyptus plantations had much less surface runoff compared to agricultural
crops and degraded lands. The annual runoff of middle aged eucalyptus plantations
was 352 mm, while for sugar cane crops the value was 496 mm. For eucalyptus mixed
with acacia plantations the annual surface runoff was only 35 mm, which accounted
only 2% of precipitation, 14 times less than sugar cane crops. Meanwhile, eucalyptus
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plantations had more drainage compared to agricultural crops and degraded lands.
Tree  cover  in  general  reduced  surface  runoff  and  therefore  would  reduce  the  risk  of
erosion and flood. Deep drainage promotes ground water recharge, which is an
important process for sustainable groundwater management.
 5.1.3 Infiltration
 In a high rainfall area, increased infiltration under forests will lead to higher soil
water recharge and increased dry season flows. The rate of infiltration is affected by
soil characteristics including ease of entry, storage capacity, and transmission rate
through the soil. From WATBAL outputs we found that there were distinctive
differences between forests and agricultural crops in infiltration. For example, for
young eucalyptus plantations the annual infiltration was 210 mm, which was 35 times
as much as sugar cane crops. Vegetation creates more porous soils by both protecting
the soil from pounding rainfall, which can close natural gaps between soil particles,
and loosening soil through root action. This is why forested areas have the highest
infiltration rates of any vegetative types (Jackson 2008). Another explanation for the
infiltration of eucalyptus plantation being much more than sugar cane crops is that the
soil texture of the areas where eucalyptus were planted was much coarser than the
areas where sugar cane crops were planted. Coarse-grained sandy soils have large
spaces between each grain and allow water to infiltrate quickly.
One interesting thing was that for eucalyptus mixed with Acacia plantations, the
infiltration was only 46 mm. It can attribute to finer soil texture and less ground cover
there compared the areas where pure eucalyptus plantations were planted. The ground
cover with top layer of leaf litter which is not decomposed protects the soil from the
pounding action of rain, without this, the soil can become far less permeable. A big
problem for SEGX eucalyptus plantations is the lack of ground vegetation and
intensive removal of forest litter by local residents for fuel. This negatively influences
the carbon sequestration accumulation into the soil. This kind of problem seems to be
very common in plantations in South China (Zhou et al. 2002).
5.1.4 Soil moisture
 There is myth about eucalyptus species drying up the sub-soil moisture and lowering
the water table rapidly. In this study we found that in the Shiwan catchment, the
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highest soil moisture deficit occurred not in eucalyptus plantations but sugar cane
crops. The annual soil moisture deficit of sugar cane crops was -1,584 mm, much
more than that of pure or mixed eucalyptus plantations. For sugar cane crops, the soil
moisture could not even get recharged during the wet seasons when there was plenty
of rainfall. Previous study (Poore and Fries 1987) revealed that it is the edaphic
factors especially soil texture including environmental conditions, which play an
important role in variation of soil moisture level. This got proved in our study. For
sugar canes crops, they were located at downside flat area of the watershed with fine
soil. During the wet season, more surface runoff was generated by contrast with less
drainage or infiltration in the sugar cane crops than in eucalyptus plantations. The
rainfall was difficult to percolate the soil, so the soil moisture couldn’t get recharged
the whole year. For pure and mixed eucalyptus plantations, due to the water
infiltrations  into  the  soil  during  the  wet  season,  the  soil  moisture  got  recharged,  and
the deficits got mitigated. In South China water table was situated deep in ground, and
the tap root of eucalyptus hybrid went down to about 2-3 m in Shiwan. Such being the
case, it was not easy for eucalyptus to reach the water table and lower its level. Our
study results indicate that there is no strong evidence showing eucalyptus plantations
using  more  soil  moisture  or  lowering  the  water  table  more  than  other  plants  in  this
area, and the soil texture and other environmental conditions play the dominant roles
in the changes of soil moisture.
5.2 Social impacts of eucalyptus plantations on local community
The incomes of local community at Guangxi’s costal areas are mainly from pine
plantations and agricultural crops such like rice, sugar cane, sweet potatoes and lichee.
Guangxi’s coastal area is still one of the most undeveloped regions in China, and local
living standards are very low. According to the survey (UNDP 2006), average per
capita net income (defined as cash income minus food costs) in villages was 2,484
yuan (US$306) in 2004, somewhat lower than China’s average net per capita rural
income 2,936 yuan (US$362) that year.
In China the lands are owned by the state or collectively owned by the local people. A
private person or a company can’t own the land in China, only can get a lease.
Because of the vagueness of land ownership, and the weakness of the rule of law, it is
often unclear who has the right to use land. During recent years, land disputes are one
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of the most frequent causes of clashes between citizens and officials.
Stora Enso began in 2002 to establish its plantation of 120,000 ha in near Guangxi’s
coast, to provide raw materials to a planed pulp mill. In order to meet to huge demand
of  raw  materials  for  the  pulp  mill,  thousands  of  hectares  of  lands  were  needed  for
industrial forest plantations. Stora Enso had to seek the lands from the state, more
specifically, had to negotiate with the local government. Since the local government
would get around 109 million yuan (US$16 million) annual tax revenue from the
planned pulp mill, government was very pleased to help Stora Enso to get the right to
use land. Gradually, Stora Enso got more and more leased lands for a period of 80
years from local farmers with the local government as the mediator.
However, when local farmers lost their lands they lost their major income sources.
The compensations they got were very low, and much lower than they used to earn
from  pine  plantations  or  agricultural  crops.  This  did  cause  a  series  of  serious  social
problems in this area. Big scale protests took place against government several times.
Obviously, the farmers’ lands  were  reclaimed  not  upon  their  willing,  and  they  were
not satisfied with the compensation money that they received. Stora Enso’s new
industrial forest plantations or the planed pulp mill would bring thousands of new
working  opportunities,  however,  it  didn’t  seem that  local  farmers  benefited  from the
jobs Stora Enso offered. Till the year 2006 only 4 percent of the local households
surveyed in village project areas had worked on Stora Enso land (UNDP 2006). This
was evidenced by migration patterns, whereby migrants from poorer areas of Guangxi
came to the project areas for work opportunities that were not attractive to some locals,
who, in the meantime, out-migrate to Guangdong Province and other places for higher
salaries. It is not clear whether the situation will change in the future.
Stora Enso plantations will affect the lives of about 650,000 people in one way or
another (Helsingin Sanomat 2009). How will Stora Enso Guangxi’s plantations really
benefit local community? What kind of social responsibilities Stora Enso should take
for better integration of local livelihoods and industrial forest cultivation in the future?
That is a big challenge not only for the forest industry company but also for the
government.
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5.3 Uncertainties and problems
5.3.1 Accuracy of meteorological and geospatial data
A high resolution digital evaluation model (DEM) was essential in this study for us
to define the watershed as well as extract the elevation, calculate the slope and aspect
degree for each sampling plot. These values for each plot were used to calculate the
WATBAL parameters. However, for this study, we didn’t  manage  to  get  access  to  a
5-10 m resolution DEM or topographic maps with 5-10 m elevation contour lines
from Chinese national or Guangxi provincial surveying and mapping bureaus due to
various security reasons. The resolution of the DEM which we used was in 90 m x 90
m cellsize grid provided by SEGX, which seemed to be a bit too coarse for this study.
The elevation values of sampling plots could be derived from two different sources,
DEM and handy GPS. Because we were worried about the accuracy of the extracted
values  from  the  coarse  DEM,  we  planned  to  use  the  elevation  values  recorded  by  a
GPS in the field for calibration. But later we found out that the handy GPS didn’t give
us good elevation results at all. There were enormous differences in the elevations
between DEM and GPS, and they didn’t seem to be correlated. We used the elevation
values extracted from the DEM finally.
Precipitation, temperature, cloud cover, potential evapotranspiration, the accuracy of
these meteorological inputs was correlated to the accuracy of WATBAL outputs. In
the study, the meteorological data we used were 25 - 30 years long term monthly
mean values generated by several neighbour weather stations by using the LocClim
(FAO  2005).  All  the  values  we  got  were  long-term  monthly  mean  values.  The
accuracy and variance of this generation was unknown.
5.3.2 Uncertainties in WATBAL modelling
In this study WATBAL, the water balance model we created, was specialized in the
circumstances of South China, and it gave us quite logical results. However, there
were several uncertainties in WATBAL modelling. One main uncertainty existed in
the process of WATBAL parameterization. Meteorological and field survey data were
usually converted to WATBAL input parameters based on theoretical values from
references or previous researches’ results  from  nearby  areas,  but  we  were  unable  to
calibrate our model. For example, when we parameterized the WATBAL soil variables,
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the use of TDR (time domain reflectrometer) to measure the soil moisture content
would be very helpful in the model calibration. TDR is a very accurate method which
can be easily applied to determine the soil moisture content at fields. However, finally
we didn’t get the TDR equipment to calibrate our model. There could be also errors or
mistaking in the process of giving values for WATBAL during the field survey. In the
field individual’s familiarity with the judgment of the soil texture, canopy cover
density,  rock  fragment  and  other  ground  data  might  have  a  significant  effect  on  the
precision  of  WATBAL  parameterization.  Another  uncertainty  was  the  estimation  of
global radiation from cloud cover. We selected the Black (1956) global radiation
model, simply because it gave the best fit between LocClim potential
evapotranspiration and WATBAL reference crop evapotranspiration.
5.3.3 Uncertainty in the evaluation of goodness-of-fit statistics in surface
interpolation
Studies about the spatial distribution of hydrological components across the
landscape were few. In this study, goodness-of-fit indicators simply used the
difference of values between paired measured and predicted data. Thus, the coefficient
of efficiency E, index of agreement d, root mean square error and mean absolute error
indicators contained the same error term. It might be more appropriate to calculate
deviations based on the uncertainty boundaries or the probability distribution of
measured data. Further studies are needed for the better evaluation of the surface
interpolation methods performance in upscaling hydrological components.
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6 CONCLUSION
The water balance model, WATBAL, simulated the long-term average monthly water
balance components for conditions in South China. The annual actual evapo-
transpiration by middle-aged eucalyptus plantation in the Shiwan catchment was 1,
235 mm, which constituted 72% of the annual rainfall. The clear dominance of actual
evapotranspiration in the water balance of all land-use types reflects the dominating
role of the evaporative potential of the climate, with land-use cover, soil and
topography factors playing secondary roles. While water-use was the highest for the
forested areas, eucalyptus per se did not use more water than mixed plantations or
those of the local community, such as Pine plantations and sugar cane crops. In spite
of claims to the contrary, eucalyptus plantations did not use more soil moisture or
lower the water table more than other plants in the study area.
The ground vegetation and litter cover plays a significant role in the generation of
surface runoff. Denser ground vegetation and litter cover favour infiltration and
reduce surface runoff and thus the risk of erosion and flooding. By promoting
infiltration more water is available to meet evapotranspiration demands.
In Shiwan, annual drainage from the rooting zone was greater from eucalyptus
plantations compared to agricultural crops and degraded lands. Deep drainage
promotes ground water recharge, which is an important process for sustainable
groundwater management.
Based on goodness-of-fit statistics, surface interpolation methods Kriging and IDW
gave more precious estimated (greatest spatial resolution) than Spline interpolation; at
least for actual evapotranspiration (water-use). Greater resolution of the DEM would
have enabled better spatial resolution of the interpolation surfaces. The study showed
the importance of having suitable and adequate ground truth data in order to derive
reliable and useful interpolation surfaces using ArcGIS.
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Appendix 2. Field work survey form
Plot
No.
Land use unit
polygon
Year of
planting x (E) y (N)
Z
|
G
P
S
Z
|
D
E
M
Slope
P
osition
S
lope,
degree
A
spect,
degree
G
round
veg.cover
class
C
anopy
C
over
class
C
anopy
density
class
Soil Texture
C
lass
R
ock
fragm
ent,
abundance
R
ock
fragm
ent,
size
Soil D
epth
class
1 E+A (SE 2001) 2001 109°10'15.533" 21°46'45.478" 25 47 B 1.1 257.0 3 3 2 ZCL F SB 2
2 E+A (SE 2001) 2001 109°10'15.809" 21°46'40.181" 24 36 C 2.7 178.3 3 2 2 ZCL F SB 2
3 E+A (SE 2001) 2001 109°10'7.286" 21°46'42.525" 36 47 A 0.3 288.4 3 1 1 SCL A FM 1
4 E+A (SE 2001) 2001 109°10'1.002" 21°46'43.984" 27 28 A 3.2 277.3 2 1 2 CL F FM 1
5 E+A (SE 2001) 2001 109°10'2.22" 21°46'46.761" 20 24 E 2.6 294.1 3 2 2 CL F FM 2
6 E+A (SE 2001) 2001 109°10'12.908" 21°46'43.888" 23 42 B 1.5 233.7 3 2 3 CL M FM 1
7 E+A (SE 2001) 2001 109°10'6.056" 21°46'51.648" 28 42 C 2.0 189.5 3 2 2 CL V F 2
8 E+A (SE 2001) 2001 109°10'5.326" 21°46'51.607" 25 42 D 2.0 189.5 3 2 2 CL V F 2
9 E+A (SE 2001) 2001 109°10'15.349" 21°46'54.482" 18 34 B 2.4 358.0 4 3 2 CL V F 2
10 E+A (SE 2001) 2001 109°10'13.21" 21°46'58.457" 27 23 C 1.3 45.0 3 2 2 CL M FM 1
11 E+A (SE 2003) 2003 109°10'8.908" 21°47'.068" 8 26 D 0.7 173.7 4 3 3 ZCL F SB 2
12 E+A (SE 2003) 2003 109°10'.584" 21°47'.431" 19 31 C 3.6 177.4 1 3 2 ZCL M SB 1
13 E+A (SE 2003) 2003 109°9'59.939" 21°47'1.822" 25 43 B 1.0 204.4 1 3 2 SCL M SB 1
14 E+A (SE 2003) 2003 109°10'.880" 21°47'1.8" 26 24 B 3.7 57.7 1 3 2 SCL M SB 1
15 E+A (SE 2003) 2003 109°9'58.969" 21°47'6.916" 13 35 C 2.7 10.6 1 2 1 CL F FM 2
16 E+A (SE 2003) 2003 109°10'1.851" 21°47'10.231" 15 23 B 3.1 150.1 1 2 1 CL F SB 2
17 E+A (SE 2003) 2003 109°10'9.314" 21°47'5.279" 12 23 C 0.6 56.3 2 2 1 CL M SB 2
18 E+A (SE 2003) 2001 109°10'18.989" 21°46'55.693" 27 29 A 2.8 10.0 3 2 2 CL F FM 2
19 E+A (SE 2003) 2003 109°10'16.832" 21°47'3.83" 21 31 B 0.7 225.0 3 2 3 CL F MC 2
20 E+A (SE 2003) 2003 109°10'19.158" 21°47'4.376" 10 35 E 6.0 249.1 3 2 2 ZCL M MC 2
21 E (SE 2003) 2003 109°10'5.786" 21°47'10.145" 3 23 C 1.7 150.9 1 2 1 ZCL M SB 1
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22 E (SE 2003) 2003 109°10'14.475" 21°47'11.249" 12 24 C 1.7 168.7 1 1 1 ZCL F B 1
23 E (SE 2003) 2003 109°10'14.342" 21°47'13.556" 10 30 C 2.6 3.6 1 1 1 CL M SB 1
24 E (SE 2003) 2003 109°10'17.956" 21°47'8.524" 12 22 D 4.8 266.1 3 1 1 CL A SB 1
25 E (SE 2003) 2003 109°10'19.513" 21°47'9.289" 19 40 A 5.8 267.6 3 1 1 ZCL F M 1
26 E (SE 2003) 2003 109°10'19.272" 21°47'9.091" 19 40 A 5.8 267.6 3 1 1 ZCL F M 1
27 E (SE 2003) 2003 109°10'18.787" 21°47'11.654" 14 40 D 5.6 305.5 1 1 2 ZCL F MC 2
28 E (SE 2003) 2003 109°10'24.484" 21°47'9.864" 30 48 A 1.4 239.0 3 1 2 ZCL F SC 1
29 E (SE 2003) 2003 109°10'24.944" 21°47'6.52" 28 36 B 2.4 160.3 3 1 2 ZCL V MC 1
30 E (SE 2003) 2003 109°10'26.263" 21°47'4.064" 45 28 A 2.7 212.7 4 1 2 CL V MC 1
31 E (SE2000) 2000 109°10'30.142" 21°46'54.646" 36 41 C 2.8 263.3 5 1 2 SCL A FM 2
32 E (SE2000) 2000 109°10'28.917" 21°46'52.389" 32 40 B 2.8 263.3 5 1 2 L A FM 2
33 A (SE 2001) 2001 109°10'28.544" 21°46'57.164" 24 37 B 2.1 281.3 5 3 3 CL M FM 3
34 A (SE 2001) 2001 109°10'25.984" 21°46'55.835" 29 37 B 3.7 273.8 4 3 3 CL A SB 2
35 A (SE 2001) 2001 109°10'28.709" 21°47'.580" 33 41 A 1.7 278.1 4 3 3 CL M SB 2
36 A (SE 2001) 2001 109°10'26.136" 21°47'.324" 20 31 D 4.0 275.8 4 3 3 CL M SB 2
37 A (SE 2001) 2001 109°10'24.968" 21°46'59.14" 18 31 E 4.0 275.8 4 3 3 CL F SB 2
38 P 15-20 y 109°10'35.829" 21°47'29.4" 38 40 B 2.3 169.5 5 2 1 ZCL V FM 3
39 P 15-20 y 109°10'36.942" 21°47'29.477" 37 36 B 2.1 128.7 5 2 1 ZCL V FM 3
40 P 15-20 y 109°10'39.545" 21°47'32.887" 35 35 B 2.3 71.6 5 2 1 ZCL C BL 2
41 P 15-20 y 109°10'35.309" 21°47'34.694" 36 53 A 1.6 270.0 5 2 1 CL F M 2
42 P 15-20 y 109°10'34.344" 21°47'36.667" 18 49 C 4.5 344.2 5 2 1 CL F M 2
43 P 15-20 y 109°10'35.827" 21°47'37.821" 8 49 E 4.5 344.2 5 2 1 CL F M 2
44 P 15-20 y 109°10'25.773" 21°47'34.523" 22 36 C 3.2 212.5 5 2 1 CL A SC 1
45 Degraded;bare 109°10'38.83" 21°47'56.387" 25 36 A 2.8 96.7 1 N/A N/A CL A SB 2
46 P 15-20 y 109°10'38.792" 21°47'41.969" 45 43 B 5.6 232.1 4 2 1 CL F FM 2
80
47 P 15-20 y 109°10'40.161" 21°47'40.798" 35 37 C 3.6 170.8 5 2 1 CL V MC 2
48 P 15-20 y 109°10'43.218" 21°47'46.633" 37 48 C 5.1 95.5 4 2 1 ZCL F FM 2
49 P 15-20 y 109°10'46.588" 21°47'54.574" 42 42 B 1.5 216.3 4 2 1 ZCL V MC 2
50 P 15-20 y 109°10'51.053" 21°48'2.843" 31 38 C 1.7 354.3 5 2 1 ZCL M MC 2
51 A (SE 2003) 2003 109°10'26.279" 21°47'33.066" 18 36 D 3.2 212.5 5 3 3 ZCL A CS 1
52 A (SE 2003) 2003 109°10'16.442" 21°47'31.819" 11 38 C 2.8 232.1 5 3 3 ZCL A SB 1
53 A (SE 2003) 2003 109°10'16.388" 21°47'25.153" 14 26 C 3.1 154.8 5 3 3 ZCL A SC 1
54 A (SE 2003) 2003 109°10'15.678" 21°47'23.422" 16 22 C 1.9 156.8 5 3 3 ZCL A SC 1
55 A (SE 2003) 2003 109°10'13.019" 21°47'24.466" 20 32 C 2.2 173.7 5 4 3 CL A SC 1
56 A (SE 2003) 2003 109°10'12.062" 21°47'25.821" 24 32 B 2.2 173.7 5 3 3 CL M SC 1
57 A (SE 2003) 2003 109°10'8.902" 21°47'19.771" 17 24 B 3.8 172.6 5 3 3 CL V F 1
58 A (SE 2003) 2003 109°10'9.288" 21°47'19.483" 15 24 C 3.8 172.6 5 3 3 CL V F 1
59 A (SE 2003) 2003 109°10'11.055" 21°47'28.378" 5 25 E 2.4 292.2 4 3 3 CL A SC 2
60 A (SE 2003) 2003 109°10'6.983" 21°47'33.795" 41 41 A 4.4 113.2 5 3 3 CL A SC 1
61 E (SE 2004) 2004 109°10'4.139" 21°47'16.467" -1 15 E 2.7 40.0 4 1 1 CL F FM 3
62 E (SE 2004) 2004 109°9'52.282" 21°47'34.542" 35 41 A 4.3 276.6 1 2 2 CL A SC 1
63 E (SE 2004) 2004 109°9'43.578" 21°47'15.491" 12 23 C 5.1 149.3 3 2 1 ZCL M SC 2
64 E (SE 2004) 2004 109°9'43.217" 21°47'16.527" 21 23 B 5.1 149.3 2 2 1 ZL M SC 2
65 E (SE 2004) 2004 109°9'50.162" 21°47'17.872" 10 26 C 3.3 202.1 3 1 1 ZL A C 2
66 E (SE 2004) 2004 109°9'51.105" 21°47'20.354" 11 27 C 2.6 108.4 2 1 1 ZCL A SC 2
67 E (SE 2004) 2004 109°9'50.43" 21°47'24.118" 23 38 B 3.2 126.6 3 1 1 ZCL M C 2
68 E (SE 2004) 2004 109°9'50.237" 21°47'25.611" 32 38 B 3.2 126.6 2 1 1 ZCL M CM 2
69 E (SE 2004) 2004 109°9'53.233" 21°47'28.18" 33 33 A 4.0 157.1 2 1 1 ZCL F M 2
70 E (SE 2004) 2004 109°9'56.108" 21°47'32.049" 36 47 A 3.7 164.7 4 1 1 ZCL V M 3
71 E (Young) 2007 109°9'57.049" 21°47'37.457" 9 26 E 1.7 29.1 2 1 1 CL D SC 1
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72 E (Young) 2007 109°9'55.771" 21°47'36.695" 17 28 C 6.4 62.8 1 1 1 CL D SC 1
73 E+P 2003
<15y
109°9'52.456" 21°47'40.039" 23 45 C 5.8 100.7 3 1 1 CL M SC 2
74 E+P 2003
<15y
109°9'51.51" 21°47'40.484" 26 45 B 5.8 100.7 3 1 1 CL M SC 2
75 E+P 2003
<15y
109°9'49.463" 21°47'42.672" 27 48 C 5.8 355.1 4 1 2 CL M SC 1
76 E+P 2003
<15y
109°9'47.751" 21°47'43.141" 25 48 C 5.8 355.1 4 1 2 CL M SC 1
77 E+P 2003
<15y
109°9'53.738" 21°47'43.207" 40 39 A 4.0 116.6 2 1 1 ZCL M SC 1
78 E 2003 109°9'51.246" 21°47'47.536" 30 35 C 2.0 128.3 4 2 2 CL F FM 2
79 SweetPotato N/A 109°9'48.862" 21°47'48.81" 30 42 B 3.4 192.4 N/A N/A N/A CL F FM 2
80 P 15 y 109°9'46.83" 21°47'52.592" 28 51 B 4.7 69.7 4 3 1 CL A SC 2
81 P 15 y 109°9'45.688" 21°47'57.488" 29 46 B 2.8 344.7 2 3 1 SCL D SC 1
82 E+P 2003
<15y
109°11'11.744" 21°48'6.34" 27 51 C 8.1 259.6 5 3 1 SCL F CM 2
83 P 15 yrs 109°11'1.061" 21°48'5.898" 37 48 B 2.6 309.8 5 3 1 SCL V FM 3
84 E+P 2003
<15y
109°11'10.491" 21°48'9.09" 35 54 C 8.1 259.6 3 2 2 SCL M CM 2
85 E+P 2003
<15y
109°11'9.355" 21°48'10.833" 38 58 C 10.0 262.5 4 2 2 CL M SC 2
86 P 15 y 109°11'10.154" 21°48'16.467" 45 55 B 4.3 268.9 4 2 2 CL M SC 2
87 P 15 y 109°11'6.939" 21°48'17.44" 40 50 B 3.5 215.5 4 2 1 CL M SB 1
88 E (Young) 2007 109°11'3.235" 21°48'24.032" 30 47 C 2.0 265.2 2 1 1 CL M SC 2
89 E (Young) 2007 109°11'5.361" 21°48'23.795" 22 47 D 2.0 265.2 3 1 1 CL F SC 2
90 E (SE 2007) 2007 109°10'45.687" 21°48'24.033" 43 69 B 2.0 106.9 3 1 1 CL M CM 2
91 E (SE 2007) 2007 109°10'48.995" 21°48'15.746" 28 42 B 3.1 132.9 3 1 1 CL M CM 2
92 E (SE 2007) 2007 109°10'48.039" 21°48'11.477" 26 44 C 2.3 132.1 3 1 1 ZCL M SC 2
93 E (SE 2007) 2007 109°10'50.495" 21°48'10.008" 30 44 B 2.3 132.1 4 1 1 SCL F CM 2
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94 E (SE 2007) 2007 109°10'52.343" 21°48'9.768" 22 36 C 1.4 110.6 4 1 1 SCL F CM 2
95 P 15 y 109°10'54.687" 21°48'11.647" 11 36 D 1.3 209.7 4 2 2 SCL M CM 2
96 E (SE 2007) 2007 109°10'54.3" 21°48'9.172" 10 36 D 2.2 330.5 4 1 1 CL A CM 2
97 E (SE 2007) 2007 109°10'43.223" 21°48'15.163" 21 51 C 6.1 202.8 4 1 1 CL A CM 2
98 E (SE 2007) 2007 109°10'39.021" 21°48'17.002" 40 43 A 6.2 163.0 3 1 1 CL M C 2
99 E (SE 2007) 2007 109°10'34.448" 21°48'15.228" 32 55 C 4.2 187.8 3 1 1 ZCL M BL 1
100 E (SE 2007) 2007 109°10'27.845" 21°48'3.256" 47 51 B 1.9 105.3 4 1 1 CL M BL 1
101 E+A (SE 2001) 2001 109°10'27.232" 21°48'2.241" 50 51 B 1.9 105.3 4 2 3 CL M SB 1
102 E (Young) 2007 109°10'33.729" 21°48'3.288" 35 49 A 3.5 79.2 4 1 1 CL A SC 2
103 E (Young) 2007 109°10'38.795" 21°47'59.085" 33 36 A 2.1 105.6 4 1 1 CL M SC 2
104 Lichee N/A 109°10'35.687" 21°47'57.1" 20 48 C 2.9 184.9 2 2 2 SCL M SC 2
105 E (Young) 2007 109°10'36.686" 21°47'52.429" 35 37 A 4.1 141.5 3 2 1 SCL M C 2
106 Lichee N/A 109°10'30.441" 21°47'50.767" 30 46 B 1.2 90.0 3 2 2 SCL M C 2
107 Lichee N/A 109°10'27.131" 21°47'42.218" 35 35 A 0.2 90.0 3 2 3 SCL F SC 2
108 Lichee N/A 109°10'26.225" 21°47'48.312" 25 35 C 2.6 204.1 2 2 3 SCL F SC 3
109 Lichee N/A 109°10'20.522" 21°48'4.247" 22 45 B 5.3 274.4 3 2 2 CL F C 2
110 E+A (SE 2001) 2001 109°10'18.81" 21°47'59.222" 19 46 C 3.0 276.3 4 2 1 CL M SC 2
111 E+A (SE 2001) 2001 109°10'18.816" 21°47'56.003" 21 40 C 2.6 206.6 5 2 3 CL M C 2
112 E+A (SE 2001) 2001 109°10'15.891" 21°47'50.541" 8 42 E 0.7 296.6 4 2 2 SCL M C 3
113 Lichee N/A 109°10'13.37" 21°47'57.145" 21 39 A 1.3 315.0 3 2 1 SCL M MC 2
114 E 2003/4 109°10'14.171" 21°47'54.391" 13 37 C 1.6 251.6 3 1 2 SCL F MC 2
115 E+A (SE 2001) 2001 109°10'19.362" 21°47'48.628" 27 35 B 1.9 102.3 4 2 2 SCL M SC 2
116 E 2003/4 109°10'7.897" 21°47'53.053" 21 34 C 1.4 3.4 4 2 2 SCL F SC 2
117 E (Young) 2007 109°11'4.082" 21°48'23.131" 23 47 B 2.0 265.2 2 2 1 CL M CM 2
118 E 2003/4 109°10'7.563" 21°47'48.4" 22 33 C 2.2 63.4 4 2 2 CL F SC 2
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119 E (Young) 2007 109°10'4.236" 21°47'44.429" 16 47 B 2.4 268.0 3 1 1 CL M SC 2
120 E (Young) 2007 109°10'1.647" 21°47'45.506" 16 32 B 2.3 259.5 3 1 1 SCL A SC 1
121 E (Young) 2007 109°10'.919" 21°47'47.969" 25 32 A 1.5 270.0 4 1 1 ZCL F SC 2
122 E (SE 2003) 2003 109°9'33.814" 21°47'38.564" 6 30 D 5.6 233.3 2 2 1 CL M SC 2
123 E 2003/4 109°9'29.815" 21°47'38.226" 11 37 C 4.9 136.4 4 2 1 CL M SC 2
124 E 2003/4 109°9'27.644" 21°47'33.748" 4 27 E 2.5 168.7 4 2 1 CL M C 3
125 E (SE 2003) 2003 109°9'24.473" 21°47'31.274" 11 28 C 3.6 131.3 2 2 1 CL A SC 2
126 E (SE 2003) 2003 109°9'27.513" 21°47'30.43" 3 27 D 5.5 292.8 2 2 1 SC A C 2
127 E (SE 2004) 2004 109°9'31.721" 21°47'25.308" 39 42 B 7.3 196.8 2 2 1 CL M SC 1
128 E (SE 2004) 2004 109°9'31.812" 21°47'26.316" 48 59 A 3.6 284.3 2 2 1 CL M SC 1
129 E (SE 2004) 2004 109°9'31.746" 21°47'31.518" 37 43 A 6.7 325.0 2 2 1 CL M SC 1
130 E (SE 2004) 2004 109°9'29.783" 21°47'21.71" 10 31 C 6.2 189.8 3 2 1 CL M C 2
131 E (SE 2003) 2003 109°9'29.679" 21°47'18.88" 9 25 E 4.2 176.6 3 2 2 CL M CM 3
132 E (SE 2003) 2003 109°9'32.939" 21°47'14.429" 2 10 E 0.8 71.6 3 2 1 SCL M CM 3
133 Rice N/A 109°9'22.422" 21°47'14.735" -13 11 E 4.2 133.4 N/A N/A N/A CL F SC 3
134 Lichee N/A 109°9'19.328" 21°47'17.106" 30 23 A 4.5 171.6 3 2 3 SCL M CM 2
135 Lichee N/A 109°9'16.23" 21°47'14.405" -6 12 E 1.6 207.9 3 2 3 SCL M CM 2
136 Lichee N/A 109°9'13.984" 21°47'10.349" -9 10 C 0.6 225.0 1 3 3 SCL F CM 3
137 E (SE 2004) 2004 109°9'19.095" 21°47'8.097" -9 9 D 2.4 312.3 4 2 1 SCL V CM 3
138 E (SE 2004) 2004 109°9'23.164" 21°47'5.704" 20 18 B 2.7 275.2 3 2 1 SCL F CM 3
139 E (SE 2004) 2004 109°9'33.254" 21°47'.680" 4 21 D 2.3 10.5 3 3 1 CL F CM 3
140 E (SE 2004) 2004 109°9'30.096" 21°47'8.058" 26 42 A 4.7 113.5 3 2 1 CL F CM 2
141 E (SE) 2003/4 109°9'15.593" 21°47'4.287" 4 12 C 1.4 40.2 3 1 1 CL M CM 2
142 E (SE) 2003/4 109°9'11.492" 21°47'3.753" 6 21 C 1.3 352.9 3 1 1 CL M CM 2
143 E (SE) 2003/4 109°9'18.917" 21°46'46.637" 20 29 B 1.5 276.3 2 2 2 ZCL M FM 2
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144 E (SE) 2003/4 109°9'23.831" 21°46'54.397" 36 27 A 5.0 46.3 2 2 1 ZCL M M 2
145 E (SE) 2003/4 109°9'20.138" 21°46'57.38" 18 14 C 3.8 13.7 1 2 1 ZCL M CM 2
146 E (SE) 2003/4 109°9'28.03" 21°46'52.656" 32 17 C 1.4 59.0 1 2 1 ZCL M CM 2
147 E (SE) 2003/4 109°9'6.098" 21°46'44.673" 10 13 C 0.4 26.6 2 2 1 CL A FM 2
148 E (SE) 2003/4 109°9'26.568" 21°46'52.705" 38 27 A 5.0 46.3 2 2 1 CL M FM 1
149 E (SE) 2003/4 109°9'22.161" 21°46'54.346" 23 35 C 3.9 349.2 3 2 1 CL M M 2
150 E (SE) 2003/4 109°9'12.824" 21°46'44.033" 11 29 D 1.6 242.1 2 1 1 CL M FM 2
151 E (SE) 2003/4 109°9'23.767" 21°46'53.941" 30 27 B 5.0 46.3 3 2 1 CL M M 2
152 Sugarcane N/A 109°8'54.785" 21°46'55.503" 20 12 B 2.4 189.8 N/A N/A N/A CL F CM 3
153 Sugarcane N/A 109°9'.948" 21°47'11.634" 10 20 B 1.5 67.6 N/A N/A N/A CL F CM 2
154 Sugarcane N/A 109°8'56.395" 21°47'19.223" 6 21 C 1.9 66.8 N/A N/A N/A CL F SC 3
155 Sugarcane N/A 109°9'20.865" 21°47'.412" 8 15 C 1.8 251.6 N/A N/A N/A CL F SC 2
156 Sugarcane N/A 109°9'5.042" 21°46'40.142" 5 8 C 1.9 207.6 N/A N/A N/A CL V CM 3
157 Sugarcane N/A 109°9'2.65" 21°46'47.495" 7 13 B 2.3 249.0 N/A N/A N/A CL F M 3
158 Sugarcane N/A 109°9'12.657" 21°46'54.403" 12 17 C 3.1 233.7 N/A N/A N/A CL V CM 3
159 Sugarcane N/A 109°9'12.022" 21°47'.475" 11 11 C 1.1 327.5 N/A N/A N/A CL F CM 2
160 E (SE 2004) 2004 109°9'47.612" 21°47'.974" 25 23 A 0.7 63.4 3 2 2 CL V SC 1
161 E (SE 2004) 2004 109°9'42.737" 21°47'2.18" 7 15 D 0.5 288.4 3 2 2 CL F CM 2
162 E (SE 2004) 2004 109°9'48.419" 21°46'55.876" 6 16 C 1.3 0.0 2 2 2 SCL F SC 2
163 E (SE 2004) 2004 109°9'35.377" 21°46'51.823" 34 29 A 5.4 263.1 2 2 2 CL M CM 1
164 E (SE 2007) 2007 109°9'55.044" 21°46'53.296" 6 18 D 3.6 279.2 2 1 1 CL F SC 2
165 E (SE 2007) 2007 109°9'54.464" 21°46'42.983" 17 33 C 3.2 19.4 2 1 1 ZCL F CM 2
166 E (SE 2007) 2007 109°9'56.968" 21°46'37.964" 14 35 C 3.1 97.7 2 1 1 CL M S 1
167 E+A (SE 2001) 2001 109°10'8.34" 21°46'30.326" 24 35 B 2.9 338.5 4 3 3 SCL V SC 2
168 E+A (SE 2001) 2001 109°9'59.089" 21°46'33.819" 31 33 B 1.9 45.0 4 3 3 CL F SC 2
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169 E+A (SE 2001) 2001 109°10'13.126" 21°46'36.791" 6 33 D 3.4 202.8 4 2 3 SCL V SC 3
170 E (SE 2003) 2003 109°10'59.211" 21°47'38.167" 59 53 B 3.6 272.6 3 2 2 SCL M SC 1
171 E (SE 2004) 2004 109°10'55.693" 21°47'54.044" 51 46 C 5.7 341.6 3 2 2 SCL M CM 1
172 P 15 y 109°10'58.851" 21°48'16.277" 37 52 B 2.4 195.9 4 2 1 CL F CM 2
173 E (SE 2007) 2007 109°10'38.34" 21°48'6.577" 42 46 B 2.9 348.7 2 1 1 SCL M SC 1
174 Sugarcane+SP N/A 109°9'6.032" 21°47'24.178" 6 17 E 2.4 236.3 N/A N/A N/A CL V FM 3
175 SweetPotato N/A 109°9'10.46" 21°47'15.791" 2 10 E 1.1 231.3 N/A N/A N/A CL F FM 3
176 Agr (Kc taken
as cabbage)
N/A 109°8'47.881" 21°46'29.689" 5 8 E 0.4 116.6 N/A N/A N/A SCL V S 3
177 Rice N/A 109°8'57.182" 21°46'39.33" 4 8 D 0.2 45.0 N/A N/A N/A CL V FM 3
178 Rice N/A 109°9'58.472" 21°46'44.653" 2 30 E 1.5 347.5 N/A N/A N/A CL F FM 2
179 Rice N/A 109°10'12.917" 21°46'33.514" -1 26 E 0.9 291.8 N/A N/A N/A CL V FM 3
180 Rice N/A 109°10'11.452" 21°46'47.071" 3 31 E 1.6 267.0 N/A N/A N/A CL V FM 3
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Appendix 3. WATBAL parameters for Shiwan 180 plots and related soil data
Plot
No.
Lat,
degrees
Elev,
m
a.s.l.
Rd Tmax,°C
Tmin,
°C Kc
Runoff_coefft
_weight
Rock
fragment
volume,
%
Soil
depth,
m
Rooting
depth,
m
?FC ?PWP SMfc,
mm
SMpwp,
mm SMcrit SMrate
1 21.779 47 1.000 31.8 25.9 1.74 0.65 4 1.0 1.0 0.366 0.208 351 200 0.60 1.00
2 21.778 36 0.999 31.9 26.0 1.59 0.65 4 1.0 1.0 0.366 0.208 351 200 0.60 1.00
3 21.778 47 1.000 31.8 25.9 1.30 0.65 60 0.5 0.5 0.255 0.148 51 30 0.40 0.80
4 21.779 28 0.999 31.9 26.0 1.44 1.19 4 0.5 0.5 0.318 0.197 153 95 0.67 1.00
5 21.780 24 0.999 32.0 26.1 1.59 0.65 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
6 21.779 42 1.000 31.9 26.0 1.74 0.65 28 0.5 0.5 0.318 0.197 114 71 0.67 1.00
7 21.781 42 1.000 31.9 26.0 1.59 0.65 1 1.0 1.0 0.318 0.197 315 195 0.67 1.00
8 21.781 42 1.000 31.9 26.0 1.59 0.65 1 1.0 1.0 0.318 0.197 315 195 0.67 1.00
9 21.782 34 1.000 31.9 26.0 1.74 0.33 1 1.0 1.0 0.318 0.197 315 195 0.67 1.00
10 21.783 23 1.000 32.0 26.1 1.59 0.65 28 0.5 0.5 0.318 0.197 114 71 0.67 1.00
11 21.783 26 1.000 32.0 26.1 1.54 0.33 4 1.0 1.0 0.366 0.208 351 200 0.60 1.00
12 21.783 31 0.999 31.9 26.0 1.45 1.26 28 0.5 0.5 0.366 0.208 132 75 0.60 1.00
13 21.784 43 1.000 31.9 26.0 1.45 1.26 28 0.5 0.5 0.255 0.148 92 53 0.40 0.80
14 21.784 24 0.999 32.0 26.1 1.45 1.26 28 0.5 0.5 0.255 0.148 92 53 0.40 0.80
15 21.785 35 0.999 31.9 26.0 1.27 1.26 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
16 21.786 23 0.999 32.0 26.1 1.27 1.26 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
17 21.785 23 1.000 32.0 26.1 1.27 1.19 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
18 21.782 29 0.999 31.9 26.0 1.36 0.65 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
19 21.784 31 1.000 31.9 26.0 1.45 0.65 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
20 21.785 35 0.997 31.9 26.0 1.36 0.65 28 1.0 1.0 0.366 0.208 264 150 0.60 1.00
21 21.786 23 1.000 32.0 26.1 1.39 1.26 28 0.5 0.5 0.366 0.208 132 75 0.60 1.00
22 21.786 24 1.000 32.0 26.1 1.26 1.26 4 0.5 0.5 0.366 0.208 176 100 0.60 1.00
23 21.787 30 0.999 31.9 26.0 1.26 1.26 28 0.5 0.5 0.318 0.197 114 71 0.67 1.00
24 21.786 22 0.998 32.0 26.1 1.26 0.65 60 0.5 0.5 0.318 0.197 64 40 0.67 1.00
25 21.786 40 0.997 31.9 26.0 1.26 0.65 4 0.5 0.5 0.366 0.208 176 100 0.60 1.00
26 21.786 40 0.997 31.9 26.0 1.26 0.65 4 0.5 0.5 0.366 0.208 176 100 0.60 1.00
87
27 21.787 40 0.998 31.9 26.0 1.39 1.26 4 1.0 1.0 0.366 0.208 351 200 0.60 1.00
28 21.786 48 1.000 31.8 25.9 1.39 0.65 4 0.5 0.5 0.366 0.208 176 100 0.60 1.00
29 21.785 36 1.000 31.9 26.0 1.39 0.65 1 0.5 0.5 0.366 0.208 181 103 0.60 1.00
30 21.784 28 0.999 31.9 26.0 1.39 0.33 1 0.5 0.5 0.318 0.197 157 98 0.67 1.00
31 21.782 41 0.999 31.9 26.0 1.59 0.33 60 1.0 1.0 0.255 0.148 102 59 0.40 0.80
32 21.781 40 0.999 31.9 26.0 1.59 0.33 60 1.0 1.0 0.270 0.117 108 47 0.67 1.00
33 21.783 37 1.000 31.9 26.0 1.58 0.33 28 2.0 2.0 0.318 0.197 458 284 0.67 1.00
34 21.782 37 0.999 31.9 26.0 1.58 0.33 60 1.0 1.0 0.318 0.197 127 79 0.67 1.00
35 21.783 41 1.000 31.9 26.0 1.58 0.33 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
36 21.783 31 0.999 31.9 26.0 1.58 0.33 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
37 21.783 31 0.999 31.9 26.0 1.58 0.33 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
38 21.792 40 1.000 31.9 26.0 1.13 0.33 1 2.0 1.0 0.366 0.208 362 206 0.60 1.00
39 21.792 36 1.000 31.9 26.0 1.13 0.33 1 2.0 1.0 0.366 0.208 362 206 0.60 1.00
40 21.792 35 1.000 31.9 26.0 1.13 0.33 10 1.0 1.0 0.366 0.208 329 187 0.60 1.00
41 21.793 53 1.000 31.8 25.9 1.13 0.33 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
42 21.794 49 0.998 31.8 25.9 1.13 0.33 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
43 21.794 49 0.998 31.8 25.9 1.13 0.33 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
44 21.793 36 0.999 31.9 26.0 1.13 0.33 60 0.5 0.5 0.318 0.197 64 40 0.67 1.00
45 21.799 36 0.999 31.9 26.0 0.30 1.00 60 1.0 1.0 0.318 0.197 127 79 0.67 1.00
46 21.795 43 0.998 31.9 26.0 1.13 0.33 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
47 21.795 37 0.999 31.9 26.0 1.13 0.33 1 1.0 1.0 0.318 0.197 315 195 0.67 1.00
48 21.796 48 0.998 31.8 25.9 1.13 0.33 4 1.0 1.0 0.366 0.208 351 200 0.60 1.00
49 21.798 42 1.000 31.9 26.0 1.13 0.33 1 1.0 1.0 0.366 0.208 362 206 0.60 1.00
50 21.801 38 1.000 31.9 26.0 1.13 0.33 28 1.0 1.0 0.366 0.208 264 150 0.60 1.00
51 21.793 36 0.999 31.9 26.0 1.29 0.33 60 0.5 0.5 0.366 0.208 73 42 0.60 1.00
52 21.792 38 0.999 31.9 26.0 1.29 0.33 60 0.5 0.5 0.366 0.208 73 42 0.60 1.00
53 21.790 26 0.999 32.0 26.1 1.29 0.33 60 0.5 0.5 0.366 0.208 73 42 0.60 1.00
54 21.790 22 1.000 32.0 26.1 1.29 0.33 60 0.5 0.5 0.366 0.208 73 42 0.60 1.00
55 21.790 32 1.000 31.9 26.0 1.34 0.33 60 0.5 0.5 0.318 0.197 64 40 0.67 1.00
56 21.791 32 1.000 31.9 26.0 1.29 0.33 28 0.5 0.5 0.318 0.197 114 71 0.67 1.00
57 21.789 24 0.999 32.0 26.1 1.29 0.33 1 0.5 0.5 0.318 0.197 157 98 0.67 1.00
88
58 21.789 24 0.999 32.0 26.1 1.29 0.33 1 0.5 0.5 0.318 0.197 157 98 0.67 1.00
59 21.791 25 1.000 32.0 26.1 1.29 0.33 60 1.0 1.0 0.318 0.197 127 79 0.67 1.00
60 21.793 41 0.999 31.9 26.0 1.29 0.33 60 0.5 0.5 0.318 0.197 64 40 0.67 1.00
61 21.788 15 0.999 32.0 26.1 1.26 0.33 4 2.0 2.0 0.318 0.197 611 378 0.67 1.00
62 21.793 41 0.999 31.9 26.0 1.52 1.26 60 0.5 0.5 0.318 0.197 64 40 0.67 1.00
63 21.788 23 0.998 32.0 26.1 1.39 0.65 28 1.0 1.0 0.366 0.208 264 150 0.60 1.00
64 21.788 23 0.998 32.0 26.1 1.39 1.19 28 1.0 1.0 0.330 0.133 238 96 0.67 1.00
65 21.788 26 0.999 32.0 26.1 1.26 0.65 60 1.0 1.0 0.330 0.133 132 53 0.67 1.00
66 21.789 27 0.999 32.0 26.1 1.26 1.19 60 1.0 1.0 0.366 0.208 146 83 0.60 1.00
67 21.790 38 0.999 31.9 26.0 1.26 0.65 28 1.0 1.0 0.366 0.208 264 150 0.60 1.00
68 21.790 38 0.999 31.9 26.0 1.26 1.19 28 1.0 1.0 0.366 0.208 264 150 0.60 1.00
69 21.791 33 0.999 31.9 26.0 1.26 1.19 4 1.0 1.0 0.366 0.208 351 200 0.60 1.00
70 21.792 47 0.999 31.8 25.9 1.26 0.33 1 2.0 2.0 0.366 0.208 725 412 0.60 1.00
71 21.794 26 1.000 32.0 26.1 1.06 1.19 90 0.5 0.5 0.318 0.197 16 10 0.67 1.00
72 21.794 28 0.997 31.9 26.0 1.06 1.26 90 0.5 0.5 0.318 0.197 16 10 0.67 1.00
73 21.794 45 0.997 31.8 25.9 1.17 0.65 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
74 21.795 45 0.997 31.8 25.9 1.17 0.65 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
75 21.795 48 0.997 31.8 25.9 1.26 0.33 28 0.5 0.5 0.318 0.197 114 71 0.67 1.00
76 21.795 48 0.997 31.8 25.9 1.26 0.33 28 0.5 0.5 0.318 0.197 114 71 0.67 1.00
77 21.795 39 0.999 31.9 26.0 1.17 1.19 28 0.5 0.5 0.366 0.208 132 75 0.60 1.00
78 21.797 35 1.000 31.9 26.0 1.11 0.33 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
79 21.797 42 0.999 31.9 26.0 1.15 1.00 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
80 21.798 51 0.998 31.8 25.9 1.17 0.33 60 1.0 1.0 0.318 0.197 127 79 0.67 1.00
81 21.799 46 0.999 31.8 25.9 1.17 1.19 90 0.5 0.5 0.255 0.148 13 7 0.40 0.80
82 21.802 51 0.995 31.8 25.9 1.35 0.33 4 1.0 1.0 0.255 0.148 245 142 0.40 0.80
83 21.802 48 0.999 31.8 25.9 1.17 0.33 1 2.0 1.0 0.255 0.148 252 147 0.40 0.80
84 21.803 54 0.995 31.8 25.9 1.35 0.65 28 1.0 1.0 0.255 0.148 184 107 0.40 0.80
85 21.803 58 0.992 31.8 25.9 1.35 0.33 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
86 21.805 55 0.999 31.8 25.9 1.17 0.33 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
87 21.805 50 0.999 31.8 25.9 1.13 0.33 28 0.5 0.5 0.318 0.197 114 71 0.67 1.00
88 21.807 47 1.000 31.8 25.9 1.06 1.19 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
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89 21.807 47 1.000 31.8 25.9 1.06 0.65 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
90 21.807 69 1.000 31.7 25.8 1.06 0.65 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
91 21.804 42 0.999 31.9 26.0 1.06 0.65 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
92 21.803 44 1.000 31.8 25.9 1.06 0.65 28 1.0 1.0 0.366 0.208 264 150 0.60 1.00
93 21.803 44 1.000 31.8 25.9 1.06 0.33 4 1.0 1.0 0.255 0.148 245 142 0.40 0.80
94 21.803 36 1.000 31.9 26.0 1.06 0.33 4 1.0 1.0 0.255 0.148 245 142 0.40 0.80
95 21.803 36 1.000 31.9 26.0 1.17 0.33 28 1.0 1.0 0.255 0.148 184 107 0.40 0.80
96 21.803 36 1.000 31.9 26.0 1.06 0.33 60 1.0 1.0 0.318 0.197 127 79 0.67 1.00
97 21.804 51 0.997 31.8 25.9 1.06 0.33 60 1.0 1.0 0.318 0.197 127 79 0.67 1.00
98 21.805 43 0.997 31.9 26.0 1.06 0.65 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
99 21.804 55 0.999 31.8 25.9 1.06 0.65 28 0.5 0.5 0.366 0.208 132 75 0.60 1.00
100 21.801 51 1.000 31.8 25.9 1.06 0.33 28 0.5 0.5 0.318 0.197 114 71 0.67 1.00
101 21.801 51 1.000 31.8 25.9 1.74 0.33 28 0.5 0.5 0.318 0.197 114 71 0.67 1.00
102 21.801 49 0.999 31.8 25.9 1.06 0.33 60 1.0 1.0 0.318 0.197 127 79 0.67 1.00
103 21.800 36 1.000 31.9 26.0 1.06 0.33 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
104 21.799 48 0.999 31.8 25.9 0.90 1.00 28 1.0 1.0 0.255 0.148 184 107 0.40 0.80
105 21.798 37 0.999 31.9 26.0 1.08 0.65 28 1.0 1.0 0.255 0.148 184 107 0.40 0.80
106 21.797 46 1.000 31.8 25.9 0.90 1.00 28 1.0 1.0 0.255 0.148 184 107 0.40 0.80
107 21.795 35 1.000 31.9 26.0 0.90 1.00 4 1.0 1.0 0.255 0.148 245 142 0.40 0.80
108 21.797 35 0.999 31.9 26.0 0.90 1.00 4 2.0 1.0 0.255 0.148 245 142 0.40 0.80
109 21.801 45 0.998 31.8 25.9 0.90 1.00 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
110 21.800 46 0.999 31.8 25.9 1.44 0.33 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
111 21.799 40 0.999 31.9 26.0 1.74 0.33 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
112 21.797 42 1.000 31.9 26.0 1.59 0.33 28 2.0 2.0 0.255 0.148 367 213 0.40 0.80
113 21.799 39 1.000 31.9 26.0 0.90 1.00 28 1.0 1.0 0.255 0.148 184 107 0.40 0.80
114 21.798 37 1.000 31.9 26.0 1.39 0.65 4 1.0 1.0 0.255 0.148 245 142 0.40 0.80
115 21.797 35 1.000 31.9 26.0 1.59 0.33 28 1.0 1.0 0.255 0.148 184 107 0.40 0.80
116 21.798 34 1.000 31.9 26.0 1.52 0.33 4 1.0 1.0 0.255 0.148 245 142 0.40 0.80
117 21.806 47 1.000 31.8 25.9 1.08 1.19 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
118 21.797 33 1.000 31.9 26.0 1.52 0.33 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
119 21.796 47 1.000 31.8 25.9 1.06 0.65 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
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120 21.796 32 1.000 31.9 26.0 1.06 0.65 60 0.5 0.5 0.255 0.148 51 30 0.40 0.80
121 21.797 32 1.000 31.9 26.0 1.06 0.33 4 1.0 1.0 0.366 0.208 351 200 0.60 1.00
122 21.794 30 0.998 31.9 26.0 1.39 1.19 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
123 21.794 37 0.998 31.9 26.0 1.39 0.33 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
124 21.793 27 1.000 32.0 26.1 1.39 0.33 28 2.0 2.0 0.318 0.197 458 284 0.67 1.00
125 21.792 28 0.999 31.9 26.0 1.39 1.19 60 1.0 1.0 0.318 0.197 127 79 0.67 1.00
126 21.792 27 0.998 32.0 26.1 1.39 1.19 60 1.0 1.0 0.339 0.239 136 96 0.45 0.90
127 21.790 42 0.996 31.9 26.0 1.39 1.19 28 0.5 0.5 0.318 0.197 114 71 0.67 1.00
128 21.791 59 0.999 31.7 25.8 1.39 1.19 28 0.5 0.5 0.318 0.197 114 71 0.67 1.00
129 21.792 43 0.997 31.9 26.0 1.39 1.19 28 0.5 0.5 0.318 0.197 114 71 0.67 1.00
130 21.789 31 0.997 31.9 26.0 1.39 0.65 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
131 21.789 25 0.999 32.0 26.1 1.52 0.65 28 2.0 2.0 0.318 0.197 458 284 0.67 1.00
132 21.787 10 1.000 32.1 26.2 1.39 0.65 28 2.0 2.0 0.255 0.148 367 213 0.40 0.80
133 21.787 11 0.999 32.1 26.2 1.20 1.00 4 2.0 0.5 0.318 0.197 153 95 0.67 1.00
134 21.788 23 0.998 32.0 26.1 0.90 1.00 28 1.0 1.0 0.255 0.148 184 107 0.40 0.80
135 21.787 12 1.000 32.1 26.2 0.90 1.00 28 1.0 1.0 0.255 0.148 184 107 0.40 0.80
136 21.786 10 1.000 32.1 26.2 0.90 1.00 4 2.0 1.0 0.255 0.148 245 142 0.40 0.80
137 21.786 9 1.000 32.1 26.2 1.39 0.33 1 2.0 2.0 0.255 0.148 505 293 0.40 0.80
138 21.785 18 0.999 32.0 26.1 1.39 0.65 4 2.0 2.0 0.255 0.148 490 284 0.40 0.80
139 21.784 21 1.000 32.0 26.1 1.52 0.65 4 2.0 2.0 0.318 0.197 611 378 0.67 1.00
140 21.786 42 0.998 31.9 26.0 1.39 0.65 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
141 21.785 12 1.000 32.1 26.2 1.26 0.65 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
142 21.784 21 1.000 32.0 26.1 1.26 0.65 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
143 21.780 29 1.000 31.9 26.0 1.52 1.19 28 1.0 1.0 0.366 0.208 264 150 0.60 1.00
144 21.782 27 0.998 32.0 26.1 1.39 1.19 28 1.0 1.0 0.366 0.208 264 150 0.60 1.00
145 21.783 14 0.999 32.0 26.1 1.39 1.26 28 1.0 1.0 0.366 0.208 264 150 0.60 1.00
146 21.781 17 1.000 32.0 26.1 1.39 1.26 28 1.0 1.0 0.366 0.208 264 150 0.60 1.00
147 21.779 13 1.000 32.0 26.1 1.39 1.19 60 1.0 1.0 0.318 0.197 127 79 0.67 1.00
148 21.781 27 0.998 32.0 26.1 1.39 1.19 28 0.5 0.5 0.318 0.197 114 71 0.67 1.00
149 21.782 35 0.999 31.9 26.0 1.39 0.65 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
150 21.779 29 1.000 31.9 26.0 1.26 1.19 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
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151 21.782 27 0.998 32.0 26.1 1.39 0.65 28 1.0 1.0 0.318 0.197 229 142 0.67 1.00
152 21.782 12 1.000 32.1 26.2 1.25 1.00 4 2.0 1.2 0.318 0.197 367 227 0.67 1.00
153 21.787 20 1.000 32.0 26.1 1.25 1.00 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
154 21.789 21 1.000 32.0 26.1 1.25 1.00 4 2.0 1.2 0.318 0.197 367 227 0.67 1.00
155 21.783 15 1.000 32.0 26.1 1.25 1.00 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
156 21.778 8 1.000 32.1 26.2 1.25 1.00 1 2.0 1.2 0.318 0.197 378 234 0.67 1.00
157 21.780 13 1.000 32.0 26.1 1.25 1.00 4 2.0 1.2 0.318 0.197 367 227 0.67 1.00
158 21.782 17 0.999 32.0 26.1 1.25 1.00 1 2.0 1.2 0.318 0.197 378 234 0.67 1.00
159 21.783 11 1.000 32.1 26.2 1.25 1.00 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
160 21.784 23 1.000 32.0 26.1 1.52 0.65 1 0.5 0.5 0.318 0.197 157 98 0.67 1.00
161 21.784 15 1.000 32.0 26.1 1.52 0.65 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
162 21.782 16 1.000 32.0 26.1 1.52 1.19 4 1.0 1.0 0.255 0.148 245 142 0.40 0.80
163 21.781 29 0.998 31.9 26.0 1.52 1.19 28 0.5 0.5 0.318 0.197 114 71 0.67 1.00
164 21.781 18 0.999 32.0 26.1 1.06 1.19 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
165 21.779 33 0.999 31.9 26.0 1.06 1.19 4 1.0 1.0 0.366 0.208 351 200 0.60 1.00
166 21.777 35 0.999 31.9 26.0 1.06 1.19 28 0.5 0.5 0.318 0.197 114 71 0.67 1.00
167 21.775 35 0.999 31.9 26.0 1.89 0.33 1 1.0 1.0 0.255 0.148 252 147 0.40 0.80
168 21.776 33 1.000 31.9 26.0 1.89 0.33 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
169 21.777 33 0.999 31.9 26.0 1.74 0.33 1 2.0 2.0 0.255 0.148 505 293 0.40 0.80
170 21.794 53 0.999 31.8 25.9 1.52 0.65 28 0.5 0.5 0.255 0.148 92 53 0.40 0.80
171 21.798 46 0.998 31.8 25.9 1.52 0.65 28 0.5 0.5 0.255 0.148 92 53 0.40 0.80
172 21.805 52 1.000 31.8 25.9 1.30 0.33 4 1.0 1.0 0.318 0.197 305 189 0.67 1.00
173 21.802 46 0.999 31.8 25.9 1.06 1.19 28 0.5 0.5 0.255 0.148 92 53 0.40 0.80
174 21.790 17 1.000 32.0 26.1 1.20 1.00 1 2.0 1.1 0.318 0.197 347 215 0.67 1.00
175 21.788 10 1.000 32.1 26.2 1.15 1.00 4 2.0 1.0 0.318 0.197 305 189 0.67 1.00
176 21.775 8 1.000 32.1 26.2 1.00 1.00 1 2.0 0.5 0.255 0.148 127 73 0.40 0.80
177 21.778 8 1.000 32.1 26.2 1.20 1.00 1 2.0 0.5 0.318 0.197 157 98 0.67 1.00
178 21.779 30 1.000 31.9 26.0 1.20 1.00 4 1.0 0.5 0.318 0.197 153 95 0.67 1.00
179 21.776 26 1.000 32.0 26.1 1.20 1.00 1 2.0 0.5 0.318 0.197 157 98 0.67 1.00
180 21.780 31 1.000 31.9 26.0 1.20 1.00 1 2.0 0.5 0.318 0.197 157 98 0.67 1.00
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Appendix 4. Monthly beam (divert) radiation (Rb) and runoff coefficient (Runoff_coefft) values for Shiwan 180 points
Plot Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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1 1.005 0.000 1.003 0.000 1.002 0.003 1.000 0.003 0.999 0.005 0.999 0.060 0.999 0.033 1.000 0.089 1.001 0.005 1.003 0.000 1.005 0.000 1.006 0.000
2 1.057 0.000 1.039 0.000 1.021 0.003 1.004 0.003 0.992 0.005 0.987 0.060 0.989 0.033 0.998 0.089 1.014 0.005 1.033 0.000 1.051 0.000 1.062 0.000
3 1.004 0.000 1.003 0.000 1.002 0.003 1.000 0.003 0.999 0.005 0.999 0.060 0.999 0.033 1.000 0.089 1.001 0.005 1.002 0.000 1.004 0.000 1.005 0.000
4 0.990 0.000 0.992 0.000 0.995 0.003 0.998 0.003 0.999 0.005 1.000 0.060 1.000 0.033 0.999 0.089 1.004 0.005 0.993 0.000 0.991 0.000 0.989 0.000
5 0.976 0.000 0.983 0.000 0.990 0.003 0.997 0.003 1.002 0.005 1.004 0.060 1.003 0.033 0.999 0.089 0.999 0.005 0.986 0.000 0.978 0.000 0.974 0.000
6 1.019 0.000 1.013 0.000 1.007 0.003 1.001 0.003 0.997 0.005 0.996 0.060 0.996 0.033 1.000 0.089 1.008 0.005 1.011 0.000 1.017 0.000 1.021 0.000
7 1.042 0.000 1.028 0.000 1.016 0.003 1.003 0.003 0.994 0.005 0.991 0.060 0.992 0.033 0.999 0.089 1.011 0.005 1.024 0.000 1.038 0.000 1.046 0.000
8 1.042 0.000 1.028 0.000 1.016 0.003 1.003 0.003 0.994 0.005 0.991 0.060 0.992 0.033 0.999 0.089 1.011 0.005 1.024 0.000 1.038 0.000 1.046 0.000
9 0.948 0.000 0.964 0.000 0.979 0.003 0.995 0.003 1.005 0.005 1.010 0.060 1.008 0.033 0.999 0.089 0.986 0.005 0.969 0.000 0.952 0.000 0.943 0.000
10 0.980 0.000 0.986 0.000 0.992 0.003 0.998 0.003 1.002 0.005 1.004 0.060 1.003 0.033 1.000 0.089 0.997 0.005 0.988 0.000 0.982 0.000 0.978 0.000
11 1.015 0.000 1.010 0.000 1.006 0.003 1.001 0.003 0.998 0.005 0.997 0.060 0.997 0.033 1.000 0.089 1.004 0.005 1.009 0.000 1.013 0.000 1.016 0.000
12 1.075 0.000 1.051 0.000 1.028 0.003 1.005 0.003 0.989 0.005 0.982 0.060 0.985 0.033 0.997 0.089 1.018 0.005 1.043 0.000 1.068 0.000 1.083 0.000
13 1.019 0.000 1.013 0.000 1.007 0.003 1.002 0.003 0.997 0.005 0.996 0.060 0.997 0.033 1.000 0.089 1.005 0.005 1.011 0.000 1.018 0.000 1.021 0.000
14 0.956 0.000 0.969 0.000 0.982 0.003 0.994 0.003 1.003 0.005 1.007 0.060 1.005 0.033 0.998 0.089 0.986 0.005 0.973 0.000 0.959 0.000 0.951 0.000
15 0.942 0.000 0.960 0.000 0.977 0.003 0.994 0.003 1.006 0.005 1.011 0.060 1.009 0.033 0.999 0.089 0.984 0.005 0.966 0.000 0.947 0.000 0.936 0.000
16 1.056 0.000 1.038 0.000 1.021 0.003 1.003 0.003 0.992 0.005 0.987 0.060 0.989 0.033 0.998 0.089 1.018 0.005 1.032 0.000 1.051 0.000 1.062 0.000
17 0.993 0.000 0.995 0.000 0.997 0.003 0.999 0.003 1.001 0.005 1.001 0.060 1.001 0.033 1.000 0.089 0.998 0.005 0.996 0.000 0.993 0.000 0.992 0.000
18 0.940 0.000 0.958 0.000 0.976 0.003 0.994 0.003 1.006 0.005 1.011 0.060 1.009 0.033 0.999 0.089 0.983 0.005 0.964 0.000 0.945 0.000 0.934 0.000
19 1.010 0.000 1.007 0.000 1.004 0.003 1.001 0.003 0.999 0.005 0.998 0.060 0.998 0.033 1.000 0.089 1.003 0.005 1.006 0.000 1.010 0.000 1.012 0.000
20 1.040 0.000 1.026 0.000 1.012 0.003 1.001 0.003 0.989 0.005 0.985 0.060 0.987 0.033 1.007 0.089 1.020 0.005 1.028 0.000 1.036 0.000 1.045 0.000
21 1.031 0.114 1.021 0.109 1.012 0.230 1.002 0.202 0.996 0.294 0.993 0.322 0.994 0.259 0.999 0.239 1.010 0.179 1.018 0.195 1.029 0.092 1.034 0.000
22 1.035 0.114 1.024 0.109 1.013 0.230 1.003 0.202 0.995 0.294 0.992 0.322 0.993 0.259 0.999 0.239 1.009 0.179 1.020 0.195 1.032 0.092 1.039 0.000
23 0.944 0.114 0.961 0.109 0.978 0.230 0.994 0.202 1.006 0.294 1.011 0.322 1.008 0.259 0.999 0.239 0.984 0.179 0.967 0.195 0.948 0.092 0.938 0.000
24 1.003 0.114 1.001 0.109 0.999 0.230 0.998 0.202 0.996 0.294 0.995 0.322 0.995 0.259 0.996 0.239 0.999 0.179 1.001 0.195 1.003 0.092 1.004 0.000
25 1.000 0.114 0.998 0.109 0.997 0.230 0.996 0.202 0.994 0.294 0.994 0.322 0.994 0.259 0.995 0.239 0.997 0.179 0.998 0.195 1.000 0.092 1.002 0.000
26 1.000 0.114 0.998 0.109 0.997 0.230 0.996 0.202 0.994 0.294 0.994 0.322 0.994 0.259 0.995 0.239 0.997 0.179 0.998 0.195 1.000 0.092 1.002 0.000
27 0.944 0.114 0.962 0.109 0.980 0.230 0.998 0.202 1.004 0.294 1.010 0.322 1.007 0.259 0.996 0.239 0.987 0.179 0.971 0.195 0.954 0.092 0.938 0.000
93
28 1.015 0.114 1.010 0.109 1.006 0.230 1.001 0.202 0.998 0.294 0.996 0.322 0.997 0.259 1.000 0.239 1.005 0.179 1.009 0.195 1.014 0.092 1.017 0.000
29 1.047 0.114 1.032 0.109 1.018 0.230 1.003 0.202 0.993 0.294 0.989 0.322 0.991 0.259 0.999 0.239 1.014 0.179 1.027 0.195 1.043 0.092 1.052 0.000
30 1.047 0.114 1.032 0.109 1.018 0.230 1.003 0.202 0.993 0.294 0.989 0.322 0.991 0.259 0.999 0.239 1.016 0.179 1.027 0.195 1.043 0.092 1.052 0.000
31 1.006 0.114 1.004 0.109 1.001 0.230 0.999 0.202 0.998 0.294 0.997 0.322 0.998 0.259 0.999 0.239 1.001 0.179 1.003 0.195 1.005 0.092 1.006 0.000
32 1.006 0.114 1.004 0.109 1.001 0.230 0.999 0.202 0.998 0.294 0.997 0.322 0.998 0.259 0.999 0.239 1.001 0.179 1.003 0.195 1.005 0.092 1.006 0.000
33 0.991 0.157 0.993 0.185 0.996 0.285 0.999 0.163 1.000 0.315 1.001 0.329 1.001 0.319 0.999 0.341 0.997 0.264 0.994 0.237 0.991 0.051 0.990 0.036
34 0.993 0.157 0.994 0.185 0.996 0.285 0.998 0.163 0.999 0.315 0.999 0.329 0.999 0.319 0.998 0.341 0.997 0.264 0.995 0.237 0.993 0.051 0.992 0.036
35 0.994 0.157 0.996 0.185 0.998 0.285 0.999 0.163 1.000 0.315 1.001 0.329 1.000 0.319 1.000 0.341 0.999 0.264 0.997 0.237 0.995 0.051 0.994 0.036
36 0.989 0.157 0.992 0.185 0.994 0.285 0.997 0.163 0.999 0.315 0.999 0.329 0.999 0.319 0.998 0.341 0.996 0.264 0.993 0.237 0.990 0.051 0.988 0.036
37 0.989 0.157 0.992 0.185 0.994 0.285 0.997 0.163 0.999 0.315 0.999 0.329 0.999 0.319 0.998 0.341 0.996 0.264 0.993 0.237 0.990 0.051 0.988 0.036
38 1.048 0.157 1.033 0.185 1.018 0.285 1.003 0.163 0.993 0.315 0.989 0.329 0.991 0.319 0.999 0.341 1.012 0.264 1.027 0.237 1.043 0.051 1.052 0.036
39 1.027 0.157 1.019 0.185 1.010 0.285 1.002 0.163 0.996 0.315 0.993 0.329 0.995 0.319 0.999 0.341 1.008 0.264 1.016 0.237 1.025 0.051 1.030 0.036
40 0.984 0.157 0.988 0.185 0.993 0.285 0.998 0.163 1.001 0.315 1.002 0.329 1.002 0.319 0.999 0.341 0.995 0.264 0.990 0.237 0.985 0.051 0.982 0.036
41 1.000 0.157 1.000 0.185 1.000 0.285 1.000 0.163 1.000 0.315 1.000 0.329 1.000 0.319 1.000 0.341 1.000 0.264 1.000 0.237 1.000 0.051 1.000 0.036
42 0.904 0.157 0.933 0.185 0.961 0.285 0.989 0.163 1.008 0.315 1.016 0.329 1.013 0.319 0.998 0.341 0.975 0.264 0.943 0.237 0.913 0.051 0.895 0.036
43 0.904 0.157 0.933 0.185 0.961 0.285 0.989 0.163 1.008 0.315 1.016 0.329 1.013 0.319 0.998 0.341 0.975 0.264 0.943 0.237 0.913 0.051 0.895 0.036
44 1.056 0.157 1.038 0.185 1.021 0.285 1.003 0.163 0.991 0.315 0.986 0.329 0.989 0.319 0.998 0.341 1.018 0.264 1.032 0.237 1.051 0.051 1.062 0.036
45 1.006 0.313 1.004 0.370 1.001 0.567 0.999 0.322 0.998 0.625 0.997 0.597 0.998 0.605 0.999 0.592 1.001 0.522 1.003 0.474 1.005 0.101 1.006 0.071
46 1.069 0.157 1.046 0.185 1.024 0.285 1.013 0.163 0.986 0.315 0.980 0.329 0.983 0.319 1.006 0.341 1.026 0.264 1.038 0.237 1.062 0.051 1.076 0.036
47 1.074 0.157 1.050 0.185 1.027 0.285 1.004 0.163 0.989 0.315 0.982 0.329 0.985 0.319 0.998 0.341 1.018 0.264 1.042 0.237 1.067 0.051 1.082 0.036
48 1.007 0.157 1.004 0.185 1.000 0.285 0.998 0.163 0.995 0.315 0.994 0.329 0.994 0.319 0.997 0.341 1.000 0.264 1.003 0.237 1.006 0.051 1.008 0.036
49 1.025 0.157 1.017 0.185 1.010 0.285 1.002 0.163 0.997 0.315 0.994 0.329 0.995 0.319 0.999 0.341 1.009 0.264 1.015 0.237 1.023 0.051 1.028 0.036
50 0.963 0.157 0.975 0.185 0.986 0.285 0.996 0.163 1.004 0.315 1.007 0.329 1.006 0.319 1.000 0.341 0.990 0.264 0.978 0.237 0.967 0.051 0.960 0.036
51 1.056 0.157 1.038 0.185 1.021 0.285 1.003 0.163 0.991 0.315 0.986 0.329 0.989 0.319 0.998 0.341 1.018 0.264 1.032 0.237 1.051 0.051 1.062 0.036
52 1.036 0.157 1.024 0.185 1.013 0.285 1.002 0.163 0.994 0.315 0.991 0.329 0.993 0.319 0.999 0.341 1.011 0.264 1.020 0.237 1.032 0.051 1.039 0.036
53 1.058 0.157 1.040 0.185 1.022 0.285 1.004 0.163 0.991 0.315 0.986 0.329 0.988 0.319 0.998 0.341 1.018 0.264 1.034 0.237 1.053 0.051 1.064 0.036
54 1.037 0.157 1.025 0.185 1.014 0.285 1.003 0.163 0.995 0.315 0.992 0.329 0.993 0.319 0.999 0.341 1.009 0.264 1.021 0.237 1.034 0.051 1.041 0.036
55 1.046 0.157 1.032 0.185 1.017 0.285 1.003 0.163 0.994 0.315 0.990 0.329 0.991 0.319 0.999 0.341 1.012 0.264 1.027 0.237 1.042 0.051 1.051 0.036
56 1.046 0.157 1.032 0.185 1.017 0.285 1.003 0.163 0.994 0.315 0.990 0.329 0.991 0.319 0.999 0.341 1.012 0.264 1.027 0.237 1.042 0.051 1.051 0.036
57 1.078 0.157 1.053 0.185 1.029 0.285 1.005 0.163 0.988 0.315 0.981 0.329 0.984 0.319 0.997 0.341 1.019 0.264 1.045 0.237 1.071 0.051 1.086 0.036
58 1.078 0.157 1.053 0.185 1.029 0.285 1.005 0.163 0.988 0.315 0.981 0.329 0.984 0.319 0.997 0.341 1.019 0.264 1.045 0.237 1.071 0.051 1.086 0.036
59 0.980 0.157 0.986 0.185 0.992 0.285 0.997 0.163 1.001 0.315 1.003 0.329 1.002 0.319 0.999 0.341 0.994 0.264 0.988 0.237 0.981 0.051 0.978 0.036
60 1.034 0.157 1.023 0.185 1.011 0.285 1.002 0.163 0.993 0.315 0.989 0.329 0.991 0.319 0.997 0.341 1.008 0.264 1.019 0.237 1.031 0.051 1.038 0.036
61 0.955 0.114 0.968 0.109 0.982 0.230 0.995 0.202 1.004 0.294 1.008 0.322 1.006 0.259 0.999 0.239 0.991 0.179 0.973 0.195 0.959 0.092 0.950 0.000
94
62 0.987 0.114 0.990 0.109 0.993 0.230 0.996 0.202 0.998 0.294 0.999 0.322 0.999 0.259 0.997 0.239 0.994 0.179 0.991 0.195 0.988 0.092 0.986 0.000
63 1.090 0.114 1.061 0.109 1.032 0.230 1.004 0.202 0.985 0.294 0.977 0.322 0.980 0.259 0.995 0.239 1.028 0.179 1.051 0.195 1.081 0.092 1.099 0.000
64 1.090 0.114 1.061 0.109 1.032 0.230 1.004 0.202 0.985 0.294 0.977 0.322 0.980 0.259 0.995 0.239 1.028 0.179 1.051 0.195 1.081 0.092 1.099 0.000
65 1.064 0.114 1.043 0.109 1.024 0.230 1.004 0.202 0.990 0.294 0.985 0.322 0.987 0.259 0.998 0.239 1.019 0.179 1.036 0.195 1.058 0.092 1.070 0.000
66 1.016 0.114 1.011 0.109 1.006 0.230 1.000 0.202 0.997 0.294 0.995 0.322 0.996 0.259 0.999 0.239 1.004 0.179 1.009 0.195 1.015 0.092 1.018 0.000
67 1.039 0.114 1.027 0.109 1.014 0.230 1.002 0.202 0.994 0.294 0.990 0.322 0.992 0.259 0.998 0.239 1.010 0.179 1.022 0.195 1.036 0.092 1.043 0.000
68 1.039 0.114 1.027 0.109 1.014 0.230 1.002 0.202 0.994 0.294 0.990 0.322 0.992 0.259 0.998 0.239 1.010 0.179 1.022 0.195 1.036 0.092 1.043 0.000
69 1.076 0.114 1.052 0.109 1.028 0.230 1.004 0.202 0.988 0.294 0.981 0.322 0.984 0.259 0.997 0.239 1.023 0.179 1.043 0.195 1.069 0.092 1.084 0.000
70 1.074 0.114 1.051 0.109 1.027 0.230 1.004 0.202 0.989 0.294 0.982 0.322 0.985 0.259 0.997 0.239 1.021 0.179 1.042 0.195 1.067 0.092 1.082 0.000
71 0.968 0.114 0.978 0.109 0.987 0.230 0.997 0.202 1.003 0.294 1.006 0.322 1.005 0.259 1.000 0.239 0.991 0.179 0.981 0.195 0.971 0.092 0.965 0.000
72 0.952 0.114 0.964 0.109 0.977 0.230 0.989 0.202 1.001 0.294 1.007 0.322 1.004 0.259 0.994 0.239 0.982 0.179 0.969 0.195 0.957 0.092 0.947 0.000
73 1.018 0.000 1.011 0.000 1.004 0.003 0.998 0.003 0.992 0.005 0.990 0.060 0.991 0.033 0.992 0.089 0.998 0.005 1.008 0.000 1.016 0.000 1.020 0.000
74 1.018 0.000 1.011 0.000 1.004 0.003 0.998 0.003 0.992 0.005 0.990 0.060 0.991 0.033 0.992 0.089 0.998 0.005 1.008 0.000 1.016 0.000 1.020 0.000
75 0.872 0.000 0.910 0.000 0.947 0.003 0.984 0.003 1.010 0.005 1.021 0.060 1.016 0.033 0.996 0.089 0.962 0.005 0.923 0.000 0.882 0.000 0.859 0.000
76 0.872 0.000 0.910 0.000 0.947 0.003 0.984 0.003 1.010 0.005 1.021 0.060 1.016 0.033 0.996 0.089 0.962 0.005 0.923 0.000 0.882 0.000 0.859 0.000
77 1.036 0.000 1.024 0.000 1.012 0.003 1.003 0.003 0.993 0.005 0.990 0.060 0.991 0.033 0.997 0.089 1.009 0.005 1.020 0.000 1.032 0.000 1.040 0.000
78 1.026 0.114 1.018 0.109 1.010 0.230 1.002 0.202 0.996 0.294 0.994 0.322 0.995 0.259 0.999 0.239 1.010 0.179 1.015 0.195 1.024 0.092 1.029 0.000
79 1.069 0.157 1.047 0.185 1.026 0.285 1.004 0.163 0.990 0.315 0.983 0.329 0.986 0.319 0.998 0.341 1.019 0.264 1.040 0.237 1.063 0.051 1.076 0.036
80 0.962 0.157 0.973 0.185 0.983 0.285 0.992 0.163 1.001 0.315 1.004 0.329 1.003 0.319 0.997 0.341 0.987 0.264 0.976 0.237 0.965 0.051 0.958 0.036
81 0.941 0.157 0.959 0.185 0.977 0.285 0.994 0.163 1.006 0.315 1.011 0.329 1.009 0.319 0.999 0.341 0.983 0.264 0.965 0.237 0.946 0.051 0.935 0.036
82 1.044 0.000 1.033 0.000 1.022 0.003 1.011 0.003 1.003 0.005 1.002 0.060 1.001 0.033 1.008 0.089 1.018 0.005 1.030 0.000 1.041 0.000 1.048 0.000
83 0.963 0.157 0.974 0.185 0.985 0.285 0.996 0.163 1.003 0.315 1.006 0.329 1.005 0.319 0.999 0.341 0.994 0.264 0.978 0.237 0.967 0.051 0.960 0.036
84 1.044 0.000 1.033 0.000 1.022 0.003 1.011 0.003 1.003 0.005 1.002 0.060 1.001 0.033 1.008 0.089 1.018 0.005 1.030 0.000 1.041 0.000 1.048 0.000
85 1.042 0.000 1.031 0.000 1.021 0.003 1.010 0.003 1.002 0.005 0.999 0.060 1.001 0.033 1.006 0.089 1.016 0.005 1.028 0.000 1.039 0.000 1.046 0.000
86 0.999 0.157 0.998 0.185 0.998 0.285 0.998 0.163 0.997 0.315 0.997 0.329 0.997 0.319 0.997 0.341 0.998 0.264 0.998 0.237 0.999 0.051 0.999 0.036
87 1.059 0.157 1.040 0.185 1.022 0.285 1.003 0.163 0.991 0.315 0.985 0.329 0.988 0.319 0.998 0.341 1.019 0.264 1.034 0.237 1.054 0.051 1.065 0.036
88 1.003 0.114 1.002 0.109 1.001 0.230 1.000 0.202 0.999 0.294 0.999 0.322 0.999 0.259 0.999 0.239 1.000 0.179 1.001 0.195 1.003 0.092 1.003 0.000
89 1.003 0.114 1.002 0.109 1.001 0.230 1.000 0.202 0.999 0.294 0.999 0.322 0.999 0.259 0.999 0.239 1.000 0.179 1.001 0.195 1.003 0.092 1.003 0.000
90 1.012 0.114 1.008 0.109 1.004 0.230 1.000 0.202 0.998 0.294 0.997 0.322 0.997 0.259 0.999 0.239 1.003 0.179 1.007 0.195 1.011 0.092 1.013 0.000
91 1.044 0.114 1.030 0.109 1.016 0.230 1.002 0.202 0.993 0.294 0.989 0.322 0.991 0.259 0.998 0.239 1.012 0.179 1.025 0.195 1.040 0.092 1.048 0.000
92 1.032 0.114 1.022 0.109 1.012 0.230 1.002 0.202 0.995 0.294 0.992 0.322 0.994 0.259 0.999 0.239 1.009 0.179 1.018 0.195 1.029 0.092 1.035 0.000
93 1.032 0.114 1.022 0.109 1.012 0.230 1.002 0.202 0.995 0.294 0.992 0.322 0.994 0.259 0.999 0.239 1.009 0.179 1.018 0.195 1.029 0.092 1.035 0.000
94 1.010 0.114 1.007 0.109 1.004 0.230 1.001 0.202 0.998 0.294 0.998 0.322 0.998 0.259 1.000 0.239 1.003 0.179 1.006 0.195 1.009 0.092 1.011 0.000
95 1.024 0.157 1.016 0.185 1.009 0.285 1.002 0.163 0.997 0.315 0.995 0.329 0.996 0.319 1.000 0.341 1.006 0.264 1.014 0.237 1.022 0.051 1.026 0.036
95
96 0.958 0.114 0.971 0.109 0.983 0.230 0.996 0.202 1.004 0.294 1.008 0.322 1.006 0.259 1.000 0.239 0.991 0.179 0.975 0.195 0.962 0.092 0.954 0.000
97 1.114 0.114 1.077 0.109 1.041 0.230 1.005 0.202 0.980 0.294 0.969 0.322 0.974 0.259 0.994 0.239 1.032 0.179 1.064 0.195 1.104 0.092 1.126 0.000
98 1.121 0.114 1.082 0.109 1.043 0.230 1.005 0.202 0.979 0.294 0.968 0.322 0.973 0.259 0.993 0.239 1.033 0.179 1.068 0.195 1.110 0.092 1.133 0.000
99 1.086 0.114 1.059 0.109 1.032 0.230 1.005 0.202 0.987 0.294 0.979 0.322 0.982 0.259 0.997 0.239 1.021 0.179 1.049 0.195 1.078 0.092 1.095 0.000
100 1.010 0.114 1.007 0.109 1.004 0.230 1.000 0.202 0.998 0.294 0.997 0.322 0.998 0.259 0.999 0.239 1.003 0.179 1.006 0.195 1.009 0.092 1.011 0.000
101 1.010 0.000 1.007 0.000 1.004 0.003 1.000 0.003 0.998 0.005 0.997 0.060 0.998 0.033 0.999 0.089 1.003 0.005 1.006 0.000 1.009 0.000 1.011 0.000
102 0.984 0.114 0.988 0.109 0.993 0.230 0.997 0.202 1.000 0.294 1.001 0.322 1.001 0.259 0.998 0.239 0.994 0.179 0.990 0.195 0.985 0.092 0.983 0.000
103 1.011 0.114 1.008 0.109 1.004 0.230 1.000 0.202 0.998 0.294 0.997 0.322 0.997 0.259 0.999 0.239 1.003 0.179 1.006 0.195 1.010 0.092 1.013 0.000
104 1.060 0.157 1.041 0.185 1.023 0.285 1.004 0.163 0.991 0.315 0.986 0.329 0.988 0.319 0.998 0.341 1.015 0.264 1.035 0.237 1.055 0.051 1.067 0.036
105 1.066 0.114 1.045 0.109 1.024 0.230 1.003 0.202 0.989 0.294 0.983 0.322 0.986 0.259 0.997 0.239 1.022 0.179 1.037 0.195 1.060 0.092 1.073 0.000
106 1.000 0.157 1.000 0.185 1.000 0.285 1.000 0.163 1.000 0.315 1.000 0.329 1.000 0.319 1.000 0.341 1.000 0.264 1.000 0.237 1.000 0.051 1.000 0.036
107 1.000 0.157 1.000 0.185 1.000 0.285 1.000 0.163 1.000 0.315 1.000 0.329 1.000 0.319 1.000 0.341 1.000 0.264 1.000 0.237 1.000 0.051 1.000 0.036
108 1.050 0.157 1.034 0.185 1.019 0.285 1.003 0.163 0.993 0.315 0.988 0.329 0.990 0.319 0.999 0.341 1.015 0.264 1.029 0.237 1.045 0.051 1.055 0.036
109 0.987 0.157 0.990 0.185 0.992 0.285 0.995 0.163 0.997 0.315 0.998 0.329 0.997 0.319 0.995 0.341 0.993 0.264 0.991 0.237 0.988 0.051 0.986 0.036
110 0.992 0.000 0.994 0.000 0.996 0.003 0.998 0.003 0.999 0.005 1.000 0.060 1.000 0.033 0.999 0.089 0.997 0.005 0.995 0.000 0.992 0.000 0.991 0.000
111 1.049 0.000 1.033 0.000 1.018 0.003 1.003 0.003 0.993 0.005 0.989 0.060 0.991 0.033 0.999 0.089 1.015 0.005 1.028 0.000 1.044 0.000 1.054 0.000
112 0.993 0.000 0.995 0.000 0.997 0.003 0.999 0.003 1.001 0.005 1.001 0.060 1.001 0.033 1.000 0.089 0.998 0.005 0.996 0.000 0.994 0.000 0.993 0.000
113 0.980 0.157 0.986 0.185 0.992 0.285 0.998 0.163 1.002 0.315 1.004 0.329 1.003 0.319 1.000 0.341 0.997 0.264 0.988 0.237 0.982 0.051 0.978 0.036
114 1.010 0.114 1.007 0.109 1.004 0.230 1.001 0.202 0.998 0.294 0.997 0.322 0.998 0.259 1.000 0.239 1.003 0.179 1.006 0.195 1.009 0.092 1.011 0.000
115 1.008 0.000 1.005 0.000 1.003 0.003 1.000 0.003 0.998 0.005 0.998 0.060 0.998 0.033 0.999 0.089 1.002 0.005 1.004 0.000 1.007 0.000 1.009 0.000
116 0.970 0.114 0.979 0.109 0.988 0.230 0.997 0.202 1.003 0.294 1.006 0.322 1.005 0.259 1.000 0.239 0.992 0.179 0.982 0.195 0.972 0.092 0.967 0.000
117 1.003 0.114 1.002 0.109 1.001 0.230 1.000 0.202 0.999 0.294 0.999 0.322 0.999 0.259 0.999 0.239 1.000 0.179 1.001 0.195 1.003 0.092 1.003 0.000
118 0.978 0.114 0.985 0.109 0.991 0.230 0.997 0.202 1.002 0.294 1.004 0.322 1.003 0.259 0.999 0.239 0.993 0.179 0.987 0.195 0.980 0.092 0.976 0.000
119 1.001 0.114 1.000 0.109 1.000 0.230 0.999 0.202 0.999 0.294 0.999 0.322 0.999 0.259 0.999 0.239 1.000 0.179 1.000 0.195 1.001 0.092 1.001 0.000
120 1.008 0.114 1.005 0.109 1.003 0.230 1.000 0.202 0.998 0.294 0.997 0.322 0.998 0.259 0.999 0.239 1.002 0.179 1.004 0.195 1.007 0.092 1.009 0.000
121 1.000 0.114 1.000 0.109 1.000 0.230 1.000 0.202 1.000 0.294 1.000 0.322 1.000 0.259 1.000 0.239 1.000 0.179 1.000 0.195 1.000 0.092 1.000 0.000
122 1.067 0.114 1.045 0.109 1.023 0.230 1.013 0.202 0.987 0.294 0.980 0.322 0.983 0.259 1.006 0.239 1.025 0.179 1.037 0.195 1.060 0.092 1.074 0.000
123 1.072 0.114 1.049 0.109 1.026 0.230 1.012 0.202 0.987 0.294 0.981 0.322 0.983 0.259 0.996 0.239 1.025 0.179 1.041 0.195 1.065 0.092 1.080 0.000
124 1.051 0.114 1.035 0.109 1.019 0.230 1.004 0.202 0.993 0.294 0.988 0.322 0.990 0.259 0.999 0.239 1.013 0.179 1.030 0.195 1.047 0.092 1.057 0.000
125 1.049 0.114 1.033 0.109 1.018 0.230 1.002 0.202 0.992 0.294 0.987 0.322 0.989 0.259 0.998 0.239 1.018 0.179 1.028 0.195 1.044 0.092 1.054 0.000
126 0.968 0.114 0.973 0.109 0.978 0.230 0.990 0.202 1.001 0.294 1.005 0.322 1.003 0.259 0.996 0.239 0.983 0.179 0.975 0.195 0.967 0.092 0.964 0.000
127 1.141 0.114 1.095 0.109 1.049 0.230 1.005 0.202 0.974 0.294 0.961 0.322 0.967 0.259 0.991 0.239 1.037 0.179 1.079 0.195 1.128 0.092 1.156 0.000
128 0.979 0.114 0.985 0.109 0.991 0.230 0.996 0.202 1.000 0.294 1.002 0.322 1.001 0.259 0.998 0.239 0.993 0.179 0.987 0.195 0.981 0.092 0.977 0.000
129 0.894 0.114 0.912 0.109 0.948 0.230 0.983 0.202 1.007 0.294 1.018 0.322 1.013 0.259 0.994 0.239 0.971 0.179 0.938 0.195 0.905 0.092 0.884 0.000
96
130 1.124 0.114 1.084 0.109 1.044 0.230 1.005 0.202 0.978 0.294 0.967 0.322 0.972 0.259 0.993 0.239 1.032 0.179 1.070 0.195 1.113 0.092 1.138 0.000
131 1.087 0.114 1.059 0.109 1.032 0.230 1.005 0.202 0.986 0.294 0.979 0.322 0.982 0.259 0.997 0.239 1.021 0.179 1.050 0.195 1.079 0.092 1.096 0.000
132 0.995 0.114 0.996 0.109 0.998 0.230 0.999 0.202 1.001 0.294 1.001 0.322 1.001 0.259 1.000 0.239 0.998 0.179 0.997 0.195 0.995 0.092 0.994 0.000
133 1.059 0.157 1.040 0.185 1.021 0.285 1.003 0.163 0.990 0.315 0.984 0.329 0.987 0.319 0.997 0.341 1.021 0.264 1.033 0.237 1.054 0.051 1.065 0.036
134 1.092 0.157 1.063 0.185 1.034 0.285 1.005 0.163 0.985 0.315 0.977 0.329 0.981 0.319 0.996 0.341 1.022 0.264 1.052 0.237 1.084 0.051 1.102 0.036
135 1.030 0.157 1.020 0.185 1.011 0.285 1.002 0.163 0.996 0.315 0.993 0.329 0.994 0.319 0.999 0.341 1.008 0.264 1.017 0.237 1.027 0.051 1.033 0.036
136 1.009 0.157 1.006 0.185 1.003 0.285 1.001 0.163 0.999 0.315 0.998 0.329 0.998 0.319 1.000 0.341 1.002 0.264 1.005 0.237 1.008 0.051 1.010 0.036
137 0.965 0.114 0.975 0.109 0.986 0.230 0.996 0.202 1.003 0.294 1.006 0.322 1.005 0.259 0.999 0.239 0.994 0.179 0.979 0.195 0.968 0.092 0.961 0.000
138 0.994 0.114 0.995 0.109 0.997 0.230 0.998 0.202 1.000 0.294 1.000 0.322 1.000 0.259 0.999 0.239 0.998 0.179 0.996 0.195 0.994 0.092 0.993 0.000
139 0.951 0.114 0.966 0.109 0.981 0.230 0.995 0.202 1.005 0.294 1.009 0.322 1.007 0.259 1.000 0.239 0.986 0.179 0.971 0.195 0.955 0.092 0.946 0.000
140 1.037 0.114 1.024 0.109 1.012 0.230 1.002 0.202 0.992 0.294 0.988 0.322 0.990 0.259 0.996 0.239 1.008 0.179 1.020 0.195 1.033 0.092 1.041 0.000
141 0.977 0.114 0.984 0.109 0.991 0.230 0.998 0.202 1.002 0.294 1.004 0.322 1.004 0.259 1.000 0.239 0.996 0.179 0.986 0.195 0.979 0.092 0.975 0.000
142 0.972 0.114 0.981 0.109 0.989 0.230 0.997 0.202 1.003 0.294 1.005 0.322 1.004 0.259 1.000 0.239 0.992 0.179 0.984 0.195 0.975 0.092 0.969 0.000
143 0.996 0.114 0.997 0.109 0.998 0.230 0.999 0.202 1.000 0.294 1.000 0.322 1.000 0.259 1.000 0.239 0.999 0.179 0.998 0.195 0.996 0.092 0.996 0.000
144 0.923 0.114 0.945 0.109 0.968 0.230 0.990 0.202 1.005 0.294 1.012 0.322 1.009 0.259 0.997 0.239 0.985 0.179 0.968 0.195 0.945 0.092 0.923 0.000
145 0.919 0.114 0.943 0.109 0.967 0.230 0.991 0.202 1.007 0.294 1.014 0.322 1.011 0.259 0.998 0.239 0.977 0.179 0.952 0.195 0.926 0.092 0.911 0.000
146 0.984 0.114 0.989 0.109 0.994 0.230 0.998 0.202 1.002 0.294 1.003 0.322 1.002 0.259 1.000 0.239 0.996 0.179 0.991 0.195 0.986 0.092 0.983 0.000
147 0.992 0.114 0.995 0.109 0.997 0.230 0.999 0.202 1.001 0.294 1.002 0.322 1.001 0.259 1.000 0.239 0.998 0.179 0.996 0.195 0.993 0.092 0.992 0.000
148 0.923 0.114 0.945 0.109 0.968 0.230 0.990 0.202 1.005 0.294 1.012 0.322 1.009 0.259 0.997 0.239 0.985 0.179 0.968 0.195 0.945 0.092 0.923 0.000
149 0.916 0.114 0.941 0.109 0.966 0.230 0.991 0.202 1.008 0.294 1.015 0.322 1.012 0.259 0.998 0.239 0.976 0.179 0.950 0.195 0.923 0.092 0.908 0.000
150 1.016 0.114 1.011 0.109 1.006 0.230 1.001 0.202 0.998 0.294 0.996 0.322 0.997 0.259 0.999 0.239 1.004 0.179 1.009 0.195 1.014 0.092 1.017 0.000
151 0.923 0.114 0.945 0.109 0.968 0.230 0.990 0.202 1.005 0.294 1.012 0.322 1.009 0.259 0.997 0.239 0.985 0.179 0.953 0.195 0.929 0.092 0.923 0.000
152 1.050 0.157 1.034 0.185 1.019 0.285 1.003 0.163 0.993 0.315 0.989 0.329 0.991 0.319 0.999 0.341 1.013 0.264 1.029 0.237 1.045 0.051 1.055 0.036
153 0.987 0.157 0.991 0.185 0.995 0.285 0.999 0.163 1.001 0.315 1.002 0.329 1.002 0.319 1.000 0.341 0.997 0.264 0.993 0.237 0.989 0.051 0.986 0.036
154 0.983 0.157 0.988 0.185 0.993 0.285 0.998 0.163 1.001 0.315 1.003 0.329 1.002 0.319 1.000 0.341 0.995 0.264 0.990 0.237 0.985 0.051 0.982 0.036
155 1.012 0.157 1.008 0.185 1.004 0.285 1.001 0.163 0.998 0.315 0.997 0.329 0.997 0.319 0.999 0.341 1.003 0.264 1.007 0.237 1.011 0.051 1.013 0.036
156 1.035 0.157 1.024 0.185 1.013 0.285 1.003 0.163 0.995 0.315 0.992 0.329 0.993 0.319 0.999 0.341 1.010 0.264 1.020 0.237 1.032 0.051 1.039 0.036
157 1.017 0.157 1.011 0.185 1.006 0.285 1.001 0.163 0.997 0.315 0.996 0.329 0.996 0.319 0.999 0.341 1.004 0.264 1.009 0.237 1.015 0.051 1.019 0.036
158 1.038 0.157 1.026 0.185 1.014 0.285 1.002 0.163 0.994 0.315 0.990 0.329 0.992 0.319 0.998 0.341 1.010 0.264 1.021 0.237 1.034 0.051 1.042 0.036
159 0.980 0.157 0.986 0.185 0.992 0.285 0.998 0.163 1.002 0.315 1.004 0.329 1.003 0.319 1.000 0.341 0.995 0.264 0.988 0.237 0.982 0.051 0.978 0.036
160 0.993 0.114 0.995 0.109 0.997 0.230 0.999 0.202 1.001 0.294 1.001 0.322 1.001 0.259 1.000 0.239 0.998 0.179 0.996 0.195 0.994 0.092 0.993 0.000
161 0.997 0.114 0.998 0.109 0.999 0.230 1.000 0.202 1.000 0.294 1.001 0.322 1.001 0.259 1.000 0.239 0.999 0.179 0.998 0.195 0.997 0.092 0.996 0.000
162 0.972 0.114 0.981 0.109 0.989 0.230 0.997 0.202 1.003 0.294 1.006 0.322 1.004 0.259 1.000 0.239 0.992 0.179 0.984 0.195 0.974 0.092 0.969 0.000
163 1.009 0.114 1.005 0.109 1.001 0.230 0.998 0.202 0.994 0.294 0.993 0.322 0.993 0.259 0.997 0.239 1.001 0.179 1.004 0.195 1.007 0.092 1.009 0.000
97
164 0.986 0.114 0.990 0.109 0.993 0.230 0.997 0.202 1.000 0.294 1.001 0.322 1.000 0.259 0.998 0.239 0.995 0.179 0.991 0.195 0.987 0.092 0.984 0.000
165 0.934 0.114 0.954 0.109 0.974 0.230 0.993 0.202 1.006 0.294 1.012 0.322 1.009 0.259 0.999 0.239 0.984 0.179 0.961 0.195 0.940 0.092 0.927 0.000
166 1.007 0.114 1.005 0.109 1.002 0.230 0.999 0.202 0.997 0.294 0.997 0.322 0.997 0.259 0.998 0.239 1.008 0.179 1.004 0.195 1.007 0.092 1.008 0.000
167 0.941 0.000 0.959 0.000 0.976 0.003 0.994 0.003 1.006 0.005 1.011 0.060 1.009 0.033 0.999 0.089 0.986 0.005 0.965 0.000 0.946 0.000 0.935 0.000
168 0.971 0.000 0.980 0.000 0.988 0.003 0.997 0.003 1.003 0.005 1.005 0.060 1.004 0.033 1.000 0.089 0.995 0.005 0.983 0.000 0.973 0.000 0.968 0.000
169 1.065 0.000 1.044 0.000 1.024 0.003 1.004 0.003 0.990 0.005 0.984 0.060 0.987 0.033 0.998 0.089 1.019 0.005 1.037 0.000 1.059 0.000 1.072 0.000
170 0.995 0.114 0.996 0.109 0.997 0.230 0.998 0.202 0.998 0.294 0.999 0.322 0.999 0.259 0.998 0.239 0.997 0.179 0.996 0.195 0.995 0.092 0.994 0.000
171 0.880 0.114 0.915 0.109 0.951 0.230 0.985 0.202 1.009 0.294 1.019 0.322 1.015 0.259 0.996 0.239 0.968 0.179 0.928 0.195 0.890 0.092 0.868 0.000
172 1.048 0.157 1.033 0.185 1.018 0.285 1.003 0.163 0.993 0.315 0.989 0.329 0.991 0.319 0.999 0.341 1.012 0.264 1.028 0.237 1.044 0.051 1.053 0.036
173 0.938 0.114 0.957 0.109 0.975 0.230 0.994 0.202 1.006 0.294 1.011 0.322 1.009 0.259 0.999 0.239 0.983 0.179 0.963 0.195 0.943 0.092 0.932 0.000
174 1.028 0.157 1.019 0.185 1.010 0.285 1.002 0.163 0.996 0.315 0.993 0.329 0.994 0.319 0.999 0.341 1.008 0.264 1.016 0.237 1.025 0.051 1.030 0.036
175 1.015 0.157 1.010 0.185 1.005 0.285 1.001 0.163 0.998 0.315 0.997 0.329 0.997 0.319 1.000 0.341 1.004 0.264 1.008 0.237 1.013 0.051 1.016 0.036
176 1.004 0.157 1.003 0.185 1.001 0.285 1.000 0.163 1.000 0.315 0.999 0.329 0.999 0.319 1.000 0.341 1.001 0.264 1.002 0.237 1.003 0.051 1.004 0.036
177 0.997 0.157 0.998 0.185 0.999 0.285 1.000 0.163 1.000 0.315 1.001 0.329 1.001 0.319 1.000 0.341 0.999 0.264 0.998 0.237 0.997 0.051 0.997 0.036
178 0.968 0.157 0.978 0.185 0.988 0.285 0.997 0.163 1.003 0.315 1.006 0.329 1.005 0.319 1.000 0.341 0.991 0.264 0.981 0.237 0.971 0.051 0.965 0.036
179 0.993 0.157 0.995 0.185 0.997 0.285 0.999 0.163 1.001 0.315 1.001 0.329 1.001 0.319 1.000 0.341 0.998 0.264 0.996 0.237 0.993 0.051 0.992 0.036
180 1.001 0.157 1.001 0.185 1.000 0.285 1.000 0.163 0.999 0.315 0.999 0.329 0.999 0.319 1.000 0.341 1.000 0.264 1.001 0.237 1.001 0.051 1.002 0.036
98
Appendix 5. Basic crop coefficient (Kc_basic) and max rooting depth values for different vegetation types
Veg type Max rooting depth, m * Kc_basic** Source
Eucalyptus
tereticornis
1-30 m, but most in top 2 m; wider spacing promotes
shallower rooting; a vertically orientated canopy with
drooping leaves having stomata on both sides of gives an
ideal transpiring surface for this species; less stomatal
control than E. grandis
1.96 Postmonsoon Et/ETo (when soil wet); Kallarackal & Somen,
2008
E. grandis 1-30 m, but most in top 2 m; well-developed mechanism of
almost complete stomatal closure in response to increasing
atmospheric vapour pressure deficit; has stomata only on
one side of the leaves (cf. E. tereticornis)
2.81 Postmonsoon Et/ETo (when soil wet); Kallarackal & Somen,
2008
E (Shiwan) 2001 = 3 ; 2003/04 = 2 ; young(2007) = 1 2.39 Mean of E.grandis and E.tereticornis
Acacia
auriculiformis
probably doesn't have deep rooting; well-developed stomatal
closure mechanism in response to increasing  atmospheric
vapor pressure deficit; also sheds leaves during dry periods
to conserve water use
1.79 Postmonsoon Et/ETo (when soil wet); Kallarackal & Somen,
2008
A. occidentale
(cashew nut)
probably doesn't have deep rooting; stomata remain open
even at higher vapour pressure deficits
1.57 Postmonsoon Et/ETo (when soil wet); Kallarackal & Somen,
2008
A (Shiwan) 1.68 A. mangium is main specie in south china
E+A (Shiwan) 2.03 Mean of E (Shiwan) and A (Shiwan)
E+P (Shiwan) 1.84
Conifers 1.0-1.5 1.00 - 1.30 ETc/ETo(grass); FAO 56, 1998, Table 12. Conifers exhibit
substantial stomatal control due to reduced aerodynamic
resistance. The Kc can easily reduce below the values
presented, which represent well-watered conditions for large
forests.
99
Veg type Max rooting depth, m * Kc_basic** Source
Apricots,
Peaches,
Stone Fruit
(Shiwan
-lichee)
1.0 - 2.0 0.90 ETc/ETo(grass); FAO 56, 1998, Table 12
Cabbage 0.5 - 0.8 1.05 ETc/ETo(grass); FAO 56, 1998, Table 12
Sweet potato 1.0 - 1.5 1.15 ETc/ETo(grass); FAO 56, 1998, Table 12
Rice 0.5 - 1.0 1.20 ETc/ETo(grass); FAO 56, 1998, Table 12
Sugar cane 1.2 - 2.0 1.25 ETc/ETo(grass); FAO 56, 1998, Table 12
Olive trees 1.2 - 1.7 0.70 ETc/ETo(grass); FAO 56, 1998, Table 12
* FAO Irrigation and drainage paper 56, 1998, Table 22.
** Kc are typical values for the crop coefficient for full grown crops (Kc_basic).FAO Irrigation and drainage paper 56, 1998, Table 12.
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Appendix 6. Land-use map of the Shiwan catchment with 180 sampling points
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Appendix 7. Poster
101
